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Twelve 12,000-gal glass-lined tanks are used to store radioactive wastes in sub-basement of Argonne Cancer Research Hospital. Highly 
active wastes are later disposed of through AEC facilities. Hospital is for use of radiation in cancer treatment and research (p. 68) 
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vacuum research department 
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instrument developed by CIC's 
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facts 
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lengthens the electron path 
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No filament to burn out. The tube can be 


operated at full atmosphere without damage, 
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flore towards simplifying the use of high vacuum. 


¢ 
bi Infor 


Vacuum 


mation on this or any 


phase of high 


creation, measurement, and use, write to 
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One Way to Speed-Up 


NOLEN TLETC 
RESEARCH 


Let the combined skills of one of the most 
diversified technical consulting companies 
develop, design, and deliver that highly- 
specialized equipment you need in your 
research. Many projects never get under 
way because fhe most vital equipment 
does not exist. It is the function of the ADL 
Mechanical Division to share the analysis 
of your project and create this equipment 
for you. Many different fields of science 
and technology may be involved, and this 
is where our service is unique. By blend- 
ing the staff of the Mechanical Division 
with specialists from other divisions of the 
company, @ most comprehensive range 
of scientific research equipment can be 


developed. 


WRITE FOR BULLETIN N21-1 


MECHANICAL DIVISION 


Arthur D.Little, Inc. 


30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS. 


THERMODYNAMICS + REFRIGERATION TO MINUS 456°F + METALLURGY + PHYSICS 
ELECTRONICS + APPLIED MATHEMATICS « CHEMISTRY + RADIOACTIVITY 
SPECTROSCOPY + SCIENTIFIC COMPUTATION + MEDICINE + BIOPHYSICS 
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Typical Research Equipment Developed 
By The ADL Mechanical Division 


ADL CRYOSTAT 

The basic equipment in 
low temperature re- 
search is the ADL Col- 
lins Helium Cryostat. It 
liquefies helium and also 
maintains a test cham- 
ber from normal room 
temperature to within 
2 degrees of Absolute 
Zero. In the fields of 
metallurgy, electronics, 
nuclear physics and 
chemistry, it finds its 
widest application. 
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ADL ELECTROMAGNET 


ADL ADRAD 

ADRAD will greatiy aid univer- 
sity and industrial research 
laboratories by helping them 
make better use of the mass of 
scientific data which is now 
available. It automatically reads 
temperatures, pressures, and 
any other physical variable 
that can be represented by a 
voltage change. It records the 
reading rapidly in typewritten 
decimal form and simultane- 
ously punches the same infor- 
mation in a binary coded deci- 
mal form on tape for feeding 
directly into digital computing 
equipment. its information” 
can also be transmitted di- 
rectly by teletype 


The ADL Electromagnet was created and de- 
veloped to provide magnetic field strengths of a 
magnitude normally requiring magnets of five 
times greater size and weight. Its versatility, 
functional features and performance have proved 


exceptionally effective in basic research. 


Arthur D. Little, Inc. is one of the old- 
est, largest and most ‘diversified of 


today's technical’ consulting com- 


panies. It offers research and devel- 


opment services in virtually all fields 


of applied science and engineering. 
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There is no romancing about Vacuum at Stokes! 


Vacuum processing starts with a vacuum-tight system and 
pumps to exhaust the air. 


These are simple truths, the significance of which is never forgotten 
among men who have worked for many years in vacuum engineering 


Stokes men have many years of engineering experience, 
shop experience, operating experience in the design, construction 
and installation of vacuum processing systems 


But the absence of romancing in Stokes’ thinking implies no want of 
imagination! Indeed, the practical application of vacuum processing — 


, 


which gives us blood plasma, the “wonder drugs”, costume jewelry, 


diesel locomotive motors, radio and electronic communication 
had much of its inception in Stokes laboratories; takes practical shape 
in Stokes vacuum processing equipment for industry. 


Stokes is FIRST in Vacuum... in great and small industrial plants, 
in schools, hospitals, and laboratories throughout the world. 


F. J. Srokes MACHINE COMPANY, PHILADELPHIA 20, PA. 


STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 
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small size 


a 
marion 
Pi," 
ELAPSED TIME 

INDICATOR — 


HM2-ET 








120 VOLTS 60 CYCLES 





perature (—55°C) starting and operation 
ermetically sealed — true glass-to-metal 
tamperproof 


easy to read — standard size counter 





SPECIFICATIONS 
Registers: 1/10 hour steps to 9999.9 Registers: | hour steps to 99999 
Drawn steel case — magnetically shielded 
Self-starting Synchronous Motor 110-125 or 220-250 volt 50 or 60 cycle A.C. 











Write for further information 
Marion Electrical Instrument Company, 414 Canal St., Manchester, N. H., U.S.A. 





r-¥ marion meters 


MANUFACTURERS OF RUGGI rt AND “REGULAR” METERS AND RELATED PRODUCTS 


Reg U.S. Pot. Of 
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heen solving automatic control problems 


for. 3 years 


Take one part of the fantastic, mix thoroughly 








with Ford’s engineering and production ability, and 


you've got the answer to another “impossible” 





automatic control problem. That has been the 
sum and substance of the Ford Instrument Company 


Controlling guided 
missiles in flight 


since 1915. 


Stabilizing a gun on a bouncing tank or a ship’s 
plunging deck; governing the unique movement of 
a torpedo; keeping a pilot informed of his 
whereabouts at all times and in all weather — 

Ford found the answer! 


From the more than 16 acres of floor space that 


make up the engineering and production facilities 
Knowing your whereabouts 


path we Tgp sn of the Ford Instrument Company, come the 


mechanical, hydraulic, electro-mechanical and 
Stabilizing the guns _ electronic instruments that bring us our 
on bouncing tanks “tomorrows” today! Research, development, 
design and production are being applied to control 
problems of both Industry and the Military. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 





Shooting down jet planes 
An opportunity for from the unstable decks of ships 
able engineers 


Build a future for yourself as 
an engineer at Ford. If you 
qualify there’s a lifetime 
opportunity on automatic 
equipment design with the 
top name in automatic con- 
trol. Write for our informo- 
tive, illustrated brochure and 
give particulars about 
yourself. 
Directing torpedoes against surface croft 


Hitting inland targets 
from battleships 
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From a Single Dependable Source — A Complete Line of 


X-RAY ACCESSORIES and PROTECTION (bimul 


Eliminate Hot Weather Headaches ... with a 


BAR-RAY WATER COOLER 


Specifically Designed 


for Film Processing! 


Midget Size 


12” x 18" x 18" 


Giant Power! 


fecurate Control! 


Delivers water at 68 into film processing tank 

with incoming water at 85 F. and ambient CAPACITY 

temperature at 90 F. CAT. GALLONS AT 

NO. 85° WATER SIZE PRICE 
INLET 


Small size—large capacity. See table at right. B401* 22 gal. 12x 18x18 $474.00 
B402°* 50 gal. 12x18x18 670.00 
B403" 66 gal. 12x18x18 700.00 
B505 100 gal. 36x 30x 24 950.00 
Simple installation! Merely connect water out- B506 135 gal. 36x 30x 24 1,050.00 
let, inlet, and plug into electric socket. B507 180 gal. 36x30x 24 1,150.00 


Completely water cooled! 


Can be installed under tank, adjacent to tank, 


on shelf, in or out of dark room. 


Five year guarantee on hermetically sealed *Stainless steel storage cabinets 
condensor. Other parts guaranteed one year. optional at $50.00 additional. 

Can be used with any existing processing in- 

stallation. Full credit allowed on this unit, at any 
future time, against the purchase of a 
large capacity Bar-Ray Cooler Unit. 


Units of six capacities for all processing needs. 


Special capacities available. 


Sold Through Your Local Dealer Send for Our Latest Catalog 


BAR-RAY PRODUCTS, INC. 
209 - 25th ST., BROOKLYN 32, N. Y. ¢ PHONE: SOuth 8-1020 


Stainless Steel Processing Systems Isotope Fume Hoods and Labs Film Transfer Cabinets Lightproof Shades 
Thermostatic Valve Assemblies Lead Lined Chests and Safes Lead Protective Screens lead Insulated Doors 


Affiliates: CAPITAL CUBICLE CO., INC. — Hospital Cubicles TORJESEN, INC. — Cabinet and Mill Work 
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=) What vacuum do you need? 
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MODEL CVM 3534 — 4.9 CU. FT. PER MIN. 























MODEL CVM 3153 
2 CU. FT. PER MIN.© 





Notice how these midget Kinney Vacuum Pumps retain better than 50% of their 
pumping speed well into the less-than-ten-micron zone. Both pumps start at the snap 
of a switch, without “warmup”...and they pull down fast to the low absolute 
pressure you need. These two pumps are time and trouble savers — 


we NEW Ong they operate quietly and with the barest minimum of attention. 
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KINNEY MANUFACTURING COMPANY 
3614 Washington St., Boston 30, Mass. 


Please send Bulletin SV-51 giving details and complete specifi- 
cations on midget Kinney Vacuum Pumps. 


NAME 


COMPANY 
Kinney Manufacturing Company, Boston 30, 
Mass. Representatives in New York, 
Chicago, Detroit, Cleveland, Atlanta, 
Houston, New Orleans, Charleston (W. Va.), 
Philadelphia, Pittsburgh, Los Angeles, 
San Francisco, Seattle, and foreign countries 


STREET 


| 
| 
| 
| 
| 
| 
| 
| 
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Experimental New WILEY Books 


Theoretical 





Now ... complete, authoritative 
data on every phase of 


EXPERIMENTAL 
NUCLEAR PHYSICS 


Edited by EMILIO SEGRE 


University of California 


Here, at last, is the urgently needed work which 
brings you up to date on experimental techniques in 
this vastly expanded field. It points out the significant 
facts and data in each classification and indicates the 


broad lines of theoretical interpretation 


No one person could possibly have handled this 
important task. Even if one individual had the broad 
mastery of the subject, he could never have taken the 
time from his research to transfer his knowledge to 
paper. Dr. Segré has solved the problem admirably 
by enlisting superbly qualified experts in each phase 
of nuclear physics. Each treatise brings you up to 
date as of 1951 and provides a bibliography to enable 
you to go directly to current literature for further 
details. 


Contents— 

Volume |. Detection Methods by Hans H. Staub. Passage of Radia- 
tions Through Matter by Hans A. Bethe and Julius Ashkin. Nuclear 
Moments and Statistics by Norman F. Ramsey. Nuclear Two-Body 
Problems and Elements of Nuclear Structure by Norman F. Ramsey. 
Charged Particle Dynamics and Optics—Relative Isotopic Abundance 
of the Elements—Atomic Masses by K. T. Bainbridge. 


Volume Il. A Survey of Nuclear Reactions by Philip Morrison. The 
Neutron by Bernard Field 


Vol |. March 1953 
789 pages 


IIlustrated 
Prob. $15.00 


Vol. Il. Ready in 
August 1953 


Approx. 470 pages 
Prob. $9.00 





An authoritative new book on 


THEORETICAL 
NUCLEAR PHYSICS 


By JOHN M. BLATT 
University of Illinois 
and 
VICTOR F. WEISSKOPF 


Massachusetts Institute of Technology 


Theoretical concepts, methods and considerations 

needed to interpret experimental material and to 
advance our ability to predict and control nuclear 
phenomena—are the subject matter of this important 


new book 


It emphasizes the interrelation between theory and 
experiment. Explanations of theories are based on 
experimental results. The book paves the way (by 
careful investigation and correlation of all known 
nuclear properties on a semi-empirical basis) for the 
discovery of fundamental laws which will account 
for all the known properties of nuclei, and allow us to 


predict new and unknown properties 


Contents— 

General Properties of the Nucleus. Two-Body Problems at Low 
Energies. Nuclear Forces. Two Body-Problems at High Energies. 
Three- and Four-Body Problems. Nuclear Spectroscopy: General 
Theory; Special Models. Nuclear Reactions: General Theory and 
Application to Experiments. Formal Theory of Nuclear Reactions. 
Spontaneous Decay of Nuclei. Interaction of Nuclei with Electro- 
magnetic Radiation. Beta-Decay. Nuclear Shell Structure 


1952 


864 pages 


Illustrated 


$12.50 





Write today for copies on 10-day approval 


JOHN WILEY & SONS, INC. « 
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Save Time, 
Eliminate Errors, 
with the new multi-turn 


model RA 
precision Duodial 


Mui, 








Unique Jump Mechanism 

With its glare-proof satin finish and re- 
cessed black numerals that will not wedr off, 
the RA Duopiat is not only beautiful but is 
unusually easy to read. Moreover, the sec- 
ondary dial is driven by a unique jump 
mechanism that keeps the dial stationary 
until the primary dial has completed a full 
revolution—then the turns-indicating. dial 
“jumps” to the next numeral. Thus, the in- 
dex always points directly to the number 
showing the particular helical turn on which 
the slider is positioned, eliminating errors 
in dial readings and settings. 


Another convenience feature — three 
numbers show in the window at all times so 
that the operator knows instantly in which 
direction the dial is to be rotated to make 
the next setting. And with 10 turn potentio- 
meters, readings are made directly in deci- 
mal equivalents of the slider position on the 
resistance winding—simply, accurately, and 
with maximum convenience for any resist- 
ance range. 


Vibration-Proof Lock 

All RA DuopiaLs are equipped with a 
positive vibration-proof locking mechanism 
that can be easily and instantly set by the 
same hand that is adjusting the knob. 
Locking is accomplished by means of a cam 
actuated brake shoe which acts radially 
against an inner drum. This arrangement 
eliminates any possibility of dial movement 
during or after setting. 


“MeLipor’ ano “OuopiaL"—T, M. Rec. 
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precision potentiometers 


From every standpoint 


PRIMARY SCALE 





SECONDARY SCALE 


The new RA Duoptal 


dial worthy of the highest quality electronic instruments! 


Easy To Mount On Panel 

The RA is unusually np corey | 
1-13/16” diameter (the same as a Model 
HELIPoT)—and comes completely assem- 
bled, with mounting parts and hex wrench 
included. Installation is extremely simple. 
Set the dial and potentiometer at zero. Place 
the shaft through panel hole. Place lug plate 
over shaft, and mounting nut on potentio- 
meter bushing. Then place the RA dial over 
shaft, lining up the register hole with lug— 
and tighten set screws. It's as easy as that! 


In addition, the mounting nut is so de- 
signed that it is adaptable to thin (%” and 
under) or thick panels by simply reversing 
ends. No problems of adapting the unit to 
your particular panel requirements! 


Finest Construction Throughout 

In all respects the RA Duoptat is built 
to maintain its attractive a rance and 
quality “feel” throughout its long life. Metal 
parts are machined from die-cast alloy and 
plated in accordance with specifications 
MIL P6871 and QQ P416 (1) for corro- 
sion resistance. Non-metallic = are made 
of long-lived nylon, with nylon jump gear 
to assure smooth quiet operation the 


a Helipot 








readability, appearance, operation, construction 


In Canada: 
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LOCKING ARM 





product of the world’s largest manufaerare?’ of 
establishes a new standard of beauty and quality in mulfi- 
turn indicating dials. Finished in satin-chrome, with non-metallic parts of black nylon, 
the unit adds a distinguished appearance of quality and excellence to the finest instru- 


ment panels—and its precise operation gives a smooth “feel” that is unequalled 
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New G-E Pocket Chamber Electrometer— 


Rapid, accurate reading of dosimeters 


Automatic reading and charging of dosimeters is 
done in one simple operation by depressing lever. 


o 


Helping to protect personnel from nuclear radiation is the job 
of General Electric’s new pocket chamber electrometer. De 
signed specifically for industries and laboratories where a 
large number of dosimeters must be read each day, the G-E 
instrument permits fast, highly accurate readings of these 
pencil-type ionization chambers. 


FAST OPERATING laboratory technician pictured above is 
comparing the reading of a Victoreen standard pencil with a 
previous reading. She can accurately read 100 pencils in less 
than 15 minutes. 


VERSATILE, AUTOMATIC readings can be obtained with 
either Victoreen standard pencils or Landsverk pencils. Four- 
inch rectangular meter provides direct indication and extreme 
readability. Depressing the lever automatically charges pencil 
and the meter is returned to zero. Further information on 
this new G-E instrument for health monitoring is given in 
Bulletin GEC-923. 


An illustrated Bulletin, GEA-5735, on other G-E radiation 
instruments is available upon request. Both of these bulletins 
or further information may be obtained by contacting your 
nearest G-E Apparatus Sales Office, or write to General 
Electric Company, Section 687-114, Schenectady 5, N. Y. 
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NUCLEONICS 





ITHIN THE PAST SIX MONTHS, three proposals 


have been made to the Atomie Energy 





(‘ommission for the development of power re- 





wctors for industrial use. Two of these plans 





1 


eall for the production of weapon-grade pluto- 





nium as the principal product with power as a 





by-product. The other has power as the prin- 





cipal product with fuel-grade plutonium as the 





by-product. 





In addition, single-purpose, power-only  re- 





actors have been espoused {p. 12). 





However, despite this range of ideas, weapon- 





grade plutonium always seems to be the protago- 
Arguments 





nist in debates on nuclear power. 





hinge on the pros and cons of guaranteeing 





markets for such plutonium, 
We don’t at this time want to argue the 
What concerns us is 





merits of this problem. 





that these arguments carry over into discussions 





of atomic energy legislation. 






| bes KE ARE SOME WHO CONFUSE the two ques- 
tions of whether the AEC should guarantee a 





market to industry and that of 


Atomic 


plutonium 





vhether Congress should change the 
Energy Act. 
\ decision to make any major change in the 







\ct should not be based on a consideration of 





inv specific reactor project proposal. If the 


\EC decides it wants to buy plutonium on a 





uit price basis from a private reactor owner 





the Act permitting) or even from a contractor 
to AKC - 
based on its feeling that it needs the plutonium 





this is AEC’s own deeision to make 






and that it can justify guaranteeing a market at 





1 set price. 
Nor in evaluating legislation should we con- 






sider whether it is possible to have economic 









nuclear power today, tomorrow or ten years 
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A “Proper Atmosphere” 








Jerome D. Luntz, Editor 


Irom now. No one can possibly predict What 
technological advances there'll be in the coming 
years 

Rather we should act on the basis of what our 
long-range objective is for the development ot 
At a hearing of the Joint Con- 
Atomic 


a Senator who is still a member of this 


atomic energy. 
gressional Committee on nergy in 
1947, 
group told David Lilienthal, then AEC chairman 

“Tt was the intention of Congress [in passing 
the Atomic nergy Act] that these extraordinary 
grants of power that we have given to the Govy- 
ernment, both on the operating side and on the 
patent side, would be restored to private enter- 
prise at the very first time that it can be done, 
consistent with safety and the national welfare.”’ 


_— nTLY AERC FEELS this time has come 
Two commissioners of the AKC have told 
NvucLeonics that one of the most Important 
reasons for changing the Act now is to create a 
“proper atmosphere” for fostering the develop- 
ment of a nuclear power industry In addition, 
AEC chairman Gordon Dean feels that if the 
Act is changed industrial investment in atomic 
energy will be forthcoming in the next several 
years. 

Dean also strongly believes that there is no 
reason for a ‘‘public vs private’? power contro- 
Who 


should depend upon who has the money 


reactors 
As far 


whether 


versy to arise, builds power 
as government agencies are concerned 
it be the AEC or any other agency —it will be 
Congress that will make the decision on this in 
the form of action on budgetary requests 

But the important decision which must be 
made now is that the Atomic Energy Act must 
he amended to create the proper atmosphere for 
the growth of a peacetime atomic industry 
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By GEORGE L. WEIL* 


IN THE PAST FEW MONTHS there has been a significant 
increase in public interest and discussion in the field of 
nuclear power. Several different approaches to the de- 
velopment of economic nuclear power have been suggested 
by industrial groups and others familiar with the tech- 
nical, legislative, and economic problems. 

These approaches can be broadly classified as either 
“dual purpose” or ‘single purpose,’’ depending upon 
whether the immediate interest is in building plants 
which will produce plutonium for military use and powet1 
as a by-product, on the one hand, or power only, on the 
other hand. 

In «a recent issue of Nucieonics,t the dual-purpose 
plant was discussed as an approach to the development of 
economic power. The purpose of this article is to present 
the case for the single-purpose plant. 

A discussion and comparison of approat hes can only be 
meaningful in relation to a specific concept of the long- 
range objectives of a nuclear power development program, 

* Formerly Assistant Director, Division of Reactor Develop- 
ment, U. 8S. Atomic Energy Commission, Washington 25, D. C. 

Present Appress: 1025 Connecticut Ave., N. W., Washing- 
ton 6, D.C 

t Carroll A. Hochwalt, Philip N. Powers Dual-purpose 


reactors: first step in industrial nuclear power development, 
Nvucteonics 11, No. 2, 10 (1953). 
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ECONOMIC NUCLEAR POWER 


If the government is to subsidize 
the development of industrial nu- 


clear power, the author feels the 


only way to get unequivocal cost 


data is by the building of single- 


purpose reactors 


to a broad picture of how the industry might develop, and 
to a definition of immediate objectives. 

It is assumed that 

l. The long-range objective is to develop competitive indus- 
trial nuclear power which can, in time, contribute substan- 
tially to the energy requirements of the United States 

2. Nuclear power tn the U.S. will not be subsidized beyond 
the very early stages of its growth. 

3. The extent of industrial use of nuclear power will shou 
a gradual growth determined primarily by the practical costs 
of nuclear power and the competitive market for power at 
those cost levels 

4. Although estimated nuclear power costs are now high 
compared lo average yy. B. power costs, an adequate technical 
and engineering deve lopn ent program can eve nt dally reduce 
these costs to make the long-range objective a realistic one 

It is assumed that nuclear power will not be in a position 
to provide a substantial amount of the U. S. energy 
demands for at least 20 or 25 years because of the estimated 
present differential between nuclear and average conven- 
tional power costs; because of the anticipated negligible 
rise in cost of power from conventional plants in the next 
25 vears or so; because of the nature of the technical and 
engineering problems which must be solved to provide 
further reductions in nuclear power costs; and finally, be- 
cause of the effort and costs involved in developing and 
building new types of nuclear power plants. 
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From the short-range point of view it is assumed that: 

1]. The present estimated level of unsubsidized nuclear 
power cost is such that it is within shooting distance of com- 
peting with conventional plants in high-cost areas. 

2. The short-range objective is not only to make a sub- 


stantial step toward getting a nuclear power industry started, 


but also to start it in such a way that it will continue to grow 
as a result of normal economic incentives. 

The major factors which will determine whether the 
industrial use and development of nuclear power can be 
launched on a self-sustaining basis are: first, that there are 
no fundamental technical or engineering reasons prevent- 
ing the reduction of nuclear power costs to a practical level; 
second, the demonstration that nuclear power can within 
a short time compete economically with conventional 
plants in a limited number of areas; and finally, that 
legislative and governmental policies will be such as to 


promote the development of nuclear power. 


Pattern of Industry Growth 

\ general picture of growth of a nuclear power industry 

olves five major assumptions. First, a power industry 
will be based on single-purpose power-only —plants.* 
Second, nuclear power costs are unlikely ever to be com- 
petitive on a significant seale unless the fuel costs have 
been made negligible. Third, for uranium costs below a 
certain value, there is no reason to believe that fuel costs 
for regenerative-converters cannot, with further develop- 
ment, be made essentially negligible. Fourth, though the 
operation of plutonium breeders may be based on the use 

cheap raw materials, there are processing operations 
ed in the utilization of the fuel which must be 
reduced in cost if the over-all fuel cost is to be negligible. 
Finally, regenerative-converters are today further ad- 
vanced technically and engineeringwise than are breeders. 

Three broad steps are envisaged in this growth pattern: 

Phase 1. Nuclear power will compete on an increasing 
but still relatively limited seale in high-cost areas. It is 
assumed that in this period converter reactors with sub- 
stantial regeneration of fuel will be the basis of design for 
the nuclear power plants.t Perhaps the most character- 
istic aspect of Phase | is that the market for nuclear power 
will not be so large as to result in significant increases in 
the cost of raw materials (uranium). 

Phase 2. The growing raw materials demand will 
require expansion of mining operations to lower grade ores 
which, in turn, will raise the cost of the raw material. By 
this time. it is assumed that breeder reactors, based either 
on the thorium-U*** or the U*48-plutonium cycles, or both, 
will have been developed to the point when they can com- 
pete economically with the more highly developed re- 
generative-converters. In Phase 2, therefore, one would 
expect to find a gradual shifting of the nuclear power load 
from regenerative-converters to breeders. However, it is 
assumed that substantially all the plants, both regenera- 


hope for nuclear energy as a more or less permanent 
econor il source of power must rest on the straight power reactor 
and the breeder reactor.’’ Philip Sporn, President, American 
Gas and Electric Co. From talk delivered before National Indus- 
trial Conference Board, New York, N. Y., Oct. 16, 1952 

+t Regenerative-converter reactors are distinguished from 
breeders in that they are designed to utilize U?" as fuel rather 
than Pu or [ In the process of consuming the U2", they will 
regenerate fuel material in the form of Pu and or U? 
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tive-converter and breeder types, will be single purpose. 

Phase 3. Substantial amounts of nuclear power will be 
produced, almost wholly by breeders. Even in this period, 
however, regenerative-converters will be economically 
attractive to the extent determined by the availability of 
ordinary or slightly enriched uranium at sufficiently low 
costs. Such converter plants might be utilized in special 
situations for which they are better adapted than breeders, 


The Cost Question 


To have such a growth pattern, economic incentives 
should be brought into play at an early date for further 
development and growth of a nuclear power industry. 

Whether this nuclear industry is to be publicly or privately 
owned, it ts essential to obtain an early answer to the question 
of cost. Only intensive efforts to obtain the lowest unsub- 
stdized nuclear power costs on the basis of present technology 
can show whether the time is right for the industry to grow on 
a self-supporting basis. 

The single-purpose approach would provide this in- 
formation unequivocally by permitting the design of the 
plant for power production only. Since several basic 
types appear to be equally attractive within the present 
precision of power cost estimates, it would be desirable 
to construct more than one single-purpose plant based on 
different designs 

The single -purpose approach would focus its efforts on two 
major problems: 

1. Reduction of plant investment costs per kilowatt of 
generating capacity 

2. Reduction of fuel costs by increasing fuel utilization 
In both 


areas significant improvements will be achieved in the long 


There are no Cas) solutions to these problems 


run only through intensive research and development and 
imaginative engineering efforts. 

The dual-purpose plant has been suggested as an alter- 
nate approach. Briefly, this approach proposes to market 
nuclear power at a cost competitive with present power 
costs from large conventional plants by also producing and 
selling to the government plutonium for military use. 
Whether or not such a dual-purpose plant is economically 
advantageous from the point of view of the nation’s 
plutonium production program will not be considered here 
The purpose here is to compare it with the single-purpose 
approach in terms of developing economic nuclear power, 

If one accepts the validity of the earlier statement concerning 
the nature of the information needed at this time, then un- 
questionably a direct attack on the major technical and engi- 
neering problems which now stand in the way of lower 
production costs would provide the most effective approach 

No one has ever suggested that the best way to develop 
a nuclear power plant for submarine propulsion is to first 
build one that can simultaneously do one or more things 
with power for propulsion as a byproduct. So any sug- 
gestion to bypass the direct attack on economic power 
must be based on reasons other than those of a technical or 
engineering nature. 

The two approaches have certain features in common, 
First, they are both technically feasible. Second, either 
plant, if authorized for construction in the relatively near 
future, would be of the regenerative-converter type. 
Third, they would both involve the expenditure of sub- 
stantial funds for research and development effort and for 
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design and construction. Fourth, each, by appropriate 
financial arrangements, could encourage and obtain indus- 
trial participation. Finally, before private risk capital 
could be considered for financing the construction of either 
type of plant, changes in the Atomic Energy Act would be 


required, 


Financing Early Plants 

The most striking distinction between the single- and 
dual-purpose approaches is the method proposed for 
financing the over-all operation Jecause it is not ex- 
pected that the straight cost of producing power from 
early nuclear plants will be competitive or economic as an 
industrial operation in the United States, some form of 
financial support will be required. The single-purpose 
approach would require a direct government subsidy, 
assuming that the plant is not wholly financed by non- 
profit organizations (including the government) as an 
experimental or development project 

On the other hand, the basic argument in support of the 
dual-purpose approach is that the financing would be 
“economically sound.”’ The economic soundness of this 
approach clearly depends upon a continued high military 
value placed on plutonium production. |For the purpose 
of this article, it must be assumed that this will be the case, 
otherwise the “raison d’étre” for the dual-purpose 


approach vanishes. 


Information Obtainable 

The comparison now resolves itself into inquiring 
whether both approaches would provide the same informa- 
tion, technical and economic, which would represent a 
substantial step in the development of industrial use of 
nuclear power. By definition, the single-purpose ap- 
proach is directed solely toward obtaining this information 
in the most effective way and in unequivocal terms. On 
the other hand, though the dual-purpose approach may 
represent an immediate attractive proposition based on 
current military needs, the question arises will sound 
information be sacrificed for “sound”’ financing? 

Intuitively one would expect that any approach which 
subordinates the product of major industrial interest to the 
product of military interest would of necessity fail to provide 
as satisfactory information as would an approach directed 
solely toward the product of major interest 1nd this expecta- 
tion is supported by more detailed considerations 

For example, there are administrative and operational 
differences which would make difficult any attempt to 
separate and allocate costs associated with a dual-purpose 
plant to provide information on power costs as such, and 
the significance of the results would be doubtful. 


Design for Power or Pu? 


More important, there are stages in the design and engi- 


neering of a plant at which conflicts will oceur, and 
decisions will be made which will sacrifice or compromise 
the short-range objectives of minimizing investment costs 
and prolonging fuel life The extent of the compromise 
might well depend on the type of basic design selected for 
the dual-purpose reactor. Even though no one conflict 
may be determining, certainly the accumulation of many 
small design decisions can have a significant effect on 


{ 


the economies and efficiency of power production 
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The conflicts arise as the result of the relatively high 
value which is attached to the plutonium production as 
compared to the powel! production, secause & major 
area of development for economic nuclear power is in the 
reduction of investment costs per kilowatt of capacity, it 
is to be expected that optimization for plutonium produe- 
tion and low unit costs for that product will interfere with 
realizing similar objectives for power. 

It should not be surmised from the following superficial 
discussion that the selection of major components and the 
detailed design of the reactor svstem can be considered 
separately in optimizing for either plutonium or power 
production. Cleariy, the fixing of one parameter will 
affect the selection of other parameters. In general, it is 
difficult to determine the specific effect of parametric 
changes on over-all performance without carrying through 
detailed calculations. For the purpose of this article, only 
first-order effects will be discussed 

Dual-purpose design. For a dual-purpose plant, the 
selection of components and plant design must optimize 
conditions for plutonium production. 

According to Hochwalt and Powers SJecuuse ol the 
high cost of plutonium, the reactor should be designed and 
operated so as to produce it as cheaply as possible regard- 
less of the effect on the efficiency of the power production 
Thus, very high power levels would be selected to take 
full advantage of economies that can be realized for larger 
plants. Because of the variation in neutron-absorption 
characteristics of the available moderators, structural 
materials, and coolants, the particular choices made can 
have significant effects on the efficiency of plutonium 
production. Finally, since the fuel must be discharged 
periodically to provide weapons-grade plutonium, aspects 
of the basic design that might interfere with this operation 
must be considered. Clearly the plant shutdown time 
for fuel replacement must be kept to a minimum 

Power-only design. 


the de sign parameters of the powe r-only reactor. 


A diffe rent emphasis is placed on 


The size or total power output of the plant would most 
likely be determined by practical considerations of gener- 
ating requirements, The production of plutonium in the 
fuel element is a desirable characteristic in the design of 
a power-only reactor since it may determine both the 
over-all utilization of the raw material and the extent to 
which the fuel can be used before reprocessing is required, 
However, the effects of neutron absorption of materials 
in the reactor are not as critical in optimizing for power 
production as for plutonium production. Finally, since 
consideration need not be given to relatively Irequent 
routine discharging of the fuel to remove weapons-grade 
plutonium, the selection of coolant and design of the 
coolant system can be based on factors directly related to 
optimization for power production. 

Detailed considerations. In the more detailed design 
of a plant for plutonium and/or power production, the 
following parameters must be specified : 

1. Diameter or thickness of uranium fuel elements 

2. Volume ratio of moderator to fuel. 

3. Enrichment of fuel 

4. Material and thickness of cladding material for the 
uranium 

5. Maximum temperature of fuel and structural 


materials 
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niet temperature of the coolant 
vit temperature of the coolant 
fixing of these parameters will, in turn, determine 
r operating characteristics: 

1. Total thermal power output. 

2. Total 
3. Thermal efficiency and electric power output. 
Critical design parameters. Although the amount of 


plutonium production capacity 


eat energy released is fixed for every pound of fuel con 
sumed ina reactor, both the amount of plutonium and the 
mount of useful power produced for the same fuel con- 
imption can be varied over wide ranges through varia- 
ons of the design parameters, 

In a dual-purpose plant, the critical design parameter is 
the conversion ratio, which determines the relative amount 
In the 


design of a plant for power only, the critical parameter 


of plutonium produced per unit of fuel consumed. 


becomes the specific power, or powel produced per unit 
imount of fuel 

For a given total thermal power, the conversion ratio and 
the specific power of a reactor are directly related in such 
i manner that as one is increased the other must decrease 
This relationship is obvious when one considers that as the 
fuel is subdivided to provide more heat transfer surface 
and thereby higher specific power, the amount of cladding 
material in relation to the amount of uranium increases 
Since the cladding material absorbs neutrons that would 
otherwise be available for plutonium production, the con- 
version ratio must decrease. Whereas a high conversion 
ratio is important for the dual-purpose plant, a high 
specific power assumes more importance for the power- 
only reactor. For the latter, this essentially means a low 
uranium inventory and a small reactor plant. 

In considering the design of a dual-purpose plant, 
emphasis must be placed not only on designing for high 
conversion ratios but also on designing for high rates of 
plutonium production. Since the rate of plutonium pro- 
duction is proportional to the rate at which heat can be 
removed from the plant, a large temperature driving force 
between the fuel element and the coolant is desirable 
Thus, for a given maximum temperature for the fuel or 
structural materials, the lower the coolant inlet and exit 
temperatures the better the plant. On the other hand, 
for obtaining useful power production at lowest unit cost 
design would go in the direction of high coolant exit tem- 
perature in order to take advantage‘of the higher thermo- 
dynamic efficiencies in converting the thermal energy into 
electric energy. Although some designs for coolant and 
heat exchanger systems may circumvent this conflict, it is 
not clear that this can be done without at the same time 
increasing the cost for plant and equipment which would, 
in turn, increase over-all production costs 

Engineering considerations. It is reasonable to expect 

is a result of the value placed on weapons-grade 

lum trom a dual-purpose plant, the engineering 

he plant will differ from the engineering of a power- 
plant 

st, there will be a tendency to over-design plant and 

ment to ensure reliability of operation and to mini- 

delays in getting the plant up to production capacity 

in lost production time due to forced shut-downs 

ven more important, the reactor would have to incorpo- 


rate special equipment and design features which would 
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provide rapid charging and discharging of fuel. These 
added design features will not only have a significant 
effect on the capital cost of the plant per kilowatt ot 
generating capacity, but also, because they are inex- 
tricably tied into the over-all design, their effeets on the 
production cost of power could not be effectively separate dl 
out 

Will the dual-purpose approach provide any tlechnicai 
information directly related to the development of economr 
power which would not also be provided by the single purpose 
approach? 

It is extremely unlikely, since both are considered as 
plants which could be designed and constructed within the 
next few vears. Though much could be done in making 
most effective use of the basic technical and engineering 
information that is now available, it is difficult to visualize 
how either approach would add significantly to the present 


reservoir of reactor technology. 


Definition of Dual Purpose 


Hochwalt and Powers suggest that the dual-purpose 
reactor of today is a prototype of the power-only breeder 
of the future, “since a breeder is really a dual-purpose 
type of reactor.” This broad definition of dual purpose 
covers every reactor that produces power and contains 
fertile material, ie., uranium-238 or thorium-232. It 
includes the regenerative-converter if designed and used 
as a power-only plant, and it covers the uranium-233 and 
the plutonium power breeders. 

The distinction between this broad definition and the 
generally accepted one is essentially the difference in 
value that is attached to the plutonium in the two cases 
The single-purpose plant will certainly produce plutonium 
as a necessary part of its operations. But there may be no 
need to separate this plutonium from fuel elements. If it 
were separated, it would not have military value but a 
significantly lower value as a nuclear fuel. 

Thus, the identical basic type of reactor, whether it is a 
rege nerative-converter or a breeder, can he dual pur poste or 
single purpose depending upon whether the plutonium that is 
produced is valued in the over-all economic feasitnlity of the 
plant operation as a material for military use or as a fuel for 
industrial power use. 

The strict definition of the term dual purpose has been 
used in the discussion of this article. The fact that power- 
breeders are dual-purpose plants under the broad definition 
does not mean that the dual-purpose approach is neces- 
sarily either technically closely related to the development 


of breeders or more so than the single-purpose approach 


Possible Foreign Use 


To conclude the case for the single-purpose approach on 
a positive note, the power-only plant has two important 
additional features not found in the dual-purpose plant. 

First, because the size of the plant is not determined by 
considerations of military production requirements, it 
would be possible, if desired, to keep both the investment 
in plant and equipment and the annual cost of subsidy to 
moderate proportions. 

Second, since the cost of power from conventional 
plants in foreign countries is on the average higher, and in 
some areas considerably higher, than in the United States, 


(Continued on p. 60 
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Delayed Photoneutrons 
in a Heavy-Water Reactor 


IN REACTOR EXPERIMENTS that take a 
day or less, some of the delayed photo- 
neutrons from the disintegration of the 
deuterons in heavy water are equiva- 
lent to a constant neutron source. At 
intermittent steady-state operation of 
the reactor, the excess effective multi- 
plication factor must, as a consequence 
be considered negative and dependent 
on the power level of the reacto: 

If an excess reactivity is suddenly 
injected into the reactor, the amplitude 
of the initial fast increase in power will 
depend on the amount of long-lived 
photoneutron activity built up, and 
thus on the history of the fuel elements 


in the reactor. 


The Photoneutrons 

One of the main differences between 
the delayed neutrons emitted by the 
fission products of uranium and the 
delayed photoneutrons produced in 
heavy water by high-energy y-rays from 
the fission products is the long decay 
time of the delayed photoneutrons 
(1, 2). The delayed neutrons which 
follow directly the emission of 8-par- 
ticles by fission products usually follow 
decay times which lie within a limited 
range (0.1 to 100 sec). The delayed 
photoneutrons may, on the other hand, 
follow isomeric transitions of very short 
half-life, or they may follow 8-decay 
of very long life-time. 

The only photoneutron period which, 
to our knowledge, has been assigned to 
a specific fission product is the 12.8- 
day period of the high energy y-ray 
from La'® (1). The La!'® occurs in 
transient equilibrium with Ba'*®, which 
has a cumulative fission yield of 6%. 
The disintegration of La'*® leads, in 4% 
of the cases, to the emission of high- 
energy y-rays, which are responsible 
for the photoneutrons (3). If we, for 
the time being, this single 
source of photoneutrons, which also 
has the maximum known decay time, 
we can roughly estimate its contribu- 


consider 
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tion to the neutron density in the 
reactor 

The probability that the y-ray is 
captured by deuterium in the reactor 
is of the order of 1078. The number of 


photoneutrons emitted per neutron 


fission is therefore !5(1 
0.04 * 10 


1/2.5 oceur 


released In 
2.5)0.06 , where the fac- 


tors 14 and because the 
total fission yield is taken as 200% and 
of neutrons emitted 
With these data, one 


can therefore predict that if a heavy- 


the total number 


in fission is 2.5. 


running at a 
the shut- 


reactor has been 
P for a few 


down power due to the photoneutrons 


wate! 
powel months, 
from the La'*® y-rays will be of the 
order of 5 107 P/(1 — k), 
is the effective multiplication factor 
of the reactor at shut-down. In the 
ease of JEEP, k ~ 0.978. The shut- 
due to the La!4® 
the end of 


where k 


down power level 


y-rays was 2-3 watts at 


January, 1953. The reactor had been 
running intermittently for a few weeks 
at 200 kw. The photoneutrons due 
to the La'*® y-rays had therefore not 
yet reached equilibrium intensity. 
Bernstein et al. 
that 


fission 


(2) have reported 
a delaved y-emitter among the 
half-life of 
about 2 days, also produces photo- 
According 


products, WwW ith it 


neutrons in heavy water. 
to our estimates, it should contribute 
to the flux 
much as does the La!*®, 

It is interesting to note, on the othe 
hand, that the coefficient for conversion 
photo- 


neutron about twice as 


of high-energy y-rays into 


neutrons in the reactor can be deter- 
mined experimentally by measuring 
the shut-down flux of neutrons due to 
a known y-emitting fission product. 
Although the contribution to the 
neutron flux due to the delayed neu- 
trons is nearly independent of the 
geometry and detailed structure of the 
reactor, this is not the case with the 
photoneutrons 


A figure for the correlation between 


different reactors or between a specific 
reactor and the idealized experimental 
results on photoneutron yields in an 
infinite sphere of heavy water by a very 
small sample of fission products can 
be obtained by measuring the photo- 
due to the La‘? 


However, since the energy of photo- 


neutrons y-Tays. 


neutrons with different periods varies, 
this procedure is only approximately 


correct. This will lead to an inaeccu- 


rate relationship between reactivity 


and doubling time for the reactor 


According to our experience, 
this 


power. 
however, the error introduced in 
way is small compared to the errors in 


the delayed-neutron data. 


Effect on Reactor Operation 

In this discussion of reactor kinetics 
we will assume that the neutron den- 
sity in the reactor can be represented 
as a product of a space- and a time- 
dependent function. Temperature 
and neutron poison effects will be neg- 
lected. If 
plication 
change of the thermal-neutron density 


the excess effective multi- 
factor is kx, the rate of 


in the reactor will be 


dn a x \’ de ’ 
= n To (1 
dt l lad dt 


t 
where / is the average life-time of 

and S is the 
source, The 
the ith de- 
including de- 


neutron in the reactor 


strength of a neutron 
term ¢,; is the density of 
laved-neutron emitter 


layed photoneutrons), and obeys the 
equation 
de; 


dt 


Ati 


where \,; is the decay constant. 
According to Eqs. 1 and 2, the 
reactor is in a steady state when 
n No LS /k..® (3) 
The critical condition is obtained when 
ics 0. We have then 
d(n + Ze;) /dt 


t 
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Fission-product gamma rays acting on the heavy-water moderator makes it a 


neutron source. 


For JEEP, photoneutrons correspond to about 0.04 watts a few days after shut-down 


Joint Establishment for N 


find the relation 


ind therefore we 


ZA Net 4 


i 


constant 


Thus the neutron density increases 
Only for S = 0 will 


the critical condition correspond to the 


slowly with time 


steady state of the reactor. In prac- 


tice, S can be neglected if, according 


to eq. 3, it contributes to the effective 


multiplication factor by an amount 
which is much less than 10 

In a reactor moderated with graph- 
ite, the background source of neutrons 
is mainly due to the spontaneous fission 
of natural 


about 2 « 10°! 


uranium (corresponding to 


watts with a 


gi), 


small contribution from cosmic rays. 


When such a reactor is operated at a 
power level of a few watts, or higher, 
the source term can be neglected for 
ill practical purposes 

In a reactor moderated with heavy 
high-energy 


water, the long-lived 


y-emitters, which are responsible lol 


/ 
the photoneutrons will, once they have 
been built up, be equivalent to a 
neutron source in many experimental 


They 


like an inverse neutron poison effect. 


situations appeal somewhat 
If the contribution of the long-lived 
photoneutrons to the total 


production at saturation 1s 


neutron 


S k..® no/l }) 


where k..° is a coefficient of the order 


of 10° 


the rate of emission of photo- 
neutrons at shut-down is S) (1 k). 
If the 


value 


reactor power is changed to a 


new corresponding to the neu- 
the 
state condition will now, accord- 


the 


tron density n, instantaneous 


steady 
ing to Eqs. 3 and 4, give for 


excess effective multiplication factor 
kn /Kox® Non (5 


Some measurements of JEEP (4) on 


January 27, 1953.* gave the following 
* The reactor had been shut down 2 days 
earlier, and previous to that had operated 


at 200 kw for several weeks 
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K jeller Vorway 


With the horizontal cadmium 
cm, the 
with all 


results. 


control rod withdrawn 34 
doubling time of the reactor 
the vertical cadmium plates in the out 
was 42 sec, This 
corresponds to ke. 0.00129, At 5 


kw, the K2 control plate had to be 


position (O em 


83.7 em to obtain a steady- 


reactivits 


raised 


state operation absolute value 
less 


the 


of the excess was then 
than 10 At IL kw and 500 watts, 
K2 position was S4.6 em (A, 1 
10°) and S5.9 em Ss x 10 
tively. At 100 watts, &,, W) & 
10 and at | watt, hk, 1O0 

10°. The steady photoneutron source 
this 


respec- 


corresponded in cCuse to about 


0.04 watts 


Influence on Power Change 


We will finally analyze the influence 
of the delaved photoneutrons on the 
Variation of reactor power following a 
sudden change in reactivitv. If we 
solve qs. | and 2 for this case, we find 
that the neutron density, and thus the 
INCreHSeS rapidly (time 
tenths of a 
the 


steep rise 


reactor powe! 


constant, a few second) 
immediately after reactivity is 
The lasts for 
about | sec, and then a slower variation 
After the 


divergence follows the so-called stable 


changed. 


sets in. about a minute, 
period, 

The effeet of the photoneutrons is to 
the amplitude of the initial 
the 
behavior of the following slow increase. t 


Strictly 


Ag 
rise and to change slightly time 
speaking, a stable period is 
due to the long-lived 
the 
of the temperature effect on the reaec- 


never reached 


photoneutrons and perturbation 


tivity. Since the effect of the delayed 
photoneutrons is most striking initially, 
we will consider in some detail what 
happens the first few tenths of a second 


after the reactivity is suddenly changed 


t These results have been experimentally 


verified by N. Holt and the author 


The effect of these neutrons on reactor kinetics is described. 


Ene rqy Re sca ch 


As initial conditions at ¢ 0 we have 


y ke 
n No and Av ny 
~ 


{ 


is short 
the 


cnuih as- 


If we consider a time that 


compared to the decay time of 
delayed-neutron emitters, we 
that the 


stuvs 


sume emission of delaved 


neutrons constant Phen, ae- 


cording to qs 1, 2, and 6 


dn 
dt 


(7) 


Physically, this equation means that 
the first the 
suddenly the 
Bk: 


formed 


during moments after 


reactivity is changed, 
excess multiplication factor is hy. 

the 
earlier and the source continue 
The solu- 


delayed-neutron emutte 
to emit 
neutrons ata constant rate 
7 with the initial 


tion ol eq condi- 


vive 


tions, Eq. 6 


(Y) 
where &.° is the excess multiplication 
factor at <0 (hq. 3 
that the amplitude of the 


Thus we see 
lust 


INnCcTeCousCs 


initial 


rise in neutron density 


linearly with the intensity of the long- 


lived photoneutron SOUret 
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Measurement of Turnover Rates 


in Systems of Hydrodynamic Pools 


Out of Dynamic Equilibrium 


In preparation for turnover rate studies in living organisms, 
effective tracer measurements of such rates have been made using a ‘model’ 


pool and simple systems of pools. With the methods described, 


dynamic equilibrium need not be assumed nor velocity functions used 


By LOUIS C. LAX and GERALD A. WRENSHALL 


Banting and Best Department of Medica 


INTEREST in the measurement of turn 
over rates by tracer methods has in 
creased progressively during the past 
two decades as isotopic tracers for most 
of the stable elements became avail 
able. With radioisotopes now in abun 
dant supply for compounding tracer 


material, the limiting factor in the 


measurement of turnover rates now 
appears to be the ability to design, pet 
form, and analyze experiments suitable 
for such measurements 


initial 


Throughout the period of 
application of tracer methods to turn 
over rate calculations, 
tracer-determined rates has not been 


established through comparison with 
directly measured values. Recently, 
Zilversmit and Shore (1) made such a 
comparison, using an open system of 
two hydrodynamic pools assumed to be 
in dynamic equilibrium and brom- 
sulfalein dve as a tracer, by which they 
convincingly demonstrated the appli- 
cability of the particular tracer and 
tracer method employed 


During the past year experiments of 


18 


esearch 


the validity of 


Universi 


the same general nature were con- 


ducted at this 


liminary step toward applying the same 


laboratory as a pre- 


tracer procedures for rate determina- 
tions to networks of metabolic pools 
in living systems. Absolute turnover 
rates in as many as four hydrodynami 
pools have been measured = simul- 
taneously using an aqueous solution of 
The eal- 


culated rates were compared with cor- 


crystal violet dye as a tracer. 


responding ones measured directly 


Basis of Measurement 
The only which the 
that the 


modify o1 


premises upon 


analyses were based were 


tracer substance did not 
respond differently to the water with 
that both 


tracer and water were conserved. No 


which it was mixed and 


inferences were made concerning the 


) 


applicability of velocity constants (2) 
or the nature of metabolizing functions 
8), and dynamic equilibrium was not 
assumed to exist at any time 

The exchange of a chemical entity A 


between each of n metabolic pools with 


ty of Toronto, Toronto, Canad 


all of the other n — 1 pools has been 
described in mathematical terms by 
terms of 


The following 2n simultaneous 


Sheppard* (4), but not in 
rates. 
equations hold true at all times in a 
network of nm exchanging pools in all 


systems in which mass is conserved 


dN, 


and N, 
represent the total numbers of units of 


where, in each case, k # j. N, 


an element A in the jth and kth pools, 
time t. Ry, 
Ry, represent the rates of transfer of 


respectively, at any and 


units of element A from pool k to pool 7 


*In the same paper, Sheppard also sug- 
gests the use of dyes as suitable tracer sub- 
stances for hydrodynamic systems, as well 
as the use of procedures involving graphical 
integration like employed in the 
analyses of our data. ‘ 
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and from pool j to pool k, respectively, 
at time ¢. The integers 7 and k can 
have any value from one to n inclusive. 
Symbols marked with asterisks in Eq. 2 
have the same connotation as described 
above, but refer to labeled units of 
element A 

By definition, the absolute specific 
activities y, and y, of element A in 
pools j and k will then be, respectively 


N° =i 
N, M. 


If perfect mixing of the labeled and 
unlabeled A units occurs in each pool, 
it also follows that 

+4 Ri; 
an %, = 
Ri, . Ri; 
time ¢, where k # j. 
follows from these relations that 
in be written 


k n 


~ 
\ (Yale; — ¥jRix) (3) 
nd 


k=1 


where k # j- 

Equations 1 and 3 represent the 
bases for all rate determinations made 
in this paper. In systems where the 
experimenter has access to each of the 
metabolic pools, it is possible to meas- 
ure y and N for all pools at a sequence 
of times throughout the experiment, 
from which values for dy/dt and 
dN dt can be determined for every 
pool at the same sequence of times. 

ilues of R,; and Ry at any 

ected time or over any finite interval 

e can be determined from these 

data, using Eqs. 1 and 3 for all net- 
works including three or fewer pools, 
rdless of whether or not a condition 
namic equilibrium exists. It is 

also possible to solve for all rate values 
in such networks with more than three 
pools if some of the rates are known. 
If, for example, four or more of the 
twelve possible pathways between a 
network of four pools were known to be 
closed, it would then be possible to 
determine simultaneous values for each 
of the remaining rates at whatever 
time interval or times during the course 
of the observations such values are 


desire ad 


Experimental Data 


Although different procedures for 
determining rates of inflow and outflow 


for each pool in a given system were 
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FIG. 1. Systems of hydrodynamic pools studied, with corresponding curves of dye con- 
centration (7) versus time. The “measured” values were measured directly; the “calcu- 


lated" values were derived from tracer methods 


19 





investigated, only thos 
tained with what 


ot 
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most effective these 
shown in Fig. | 

The 


measured 


agreement betw 


and = tracer 


th 


culated) rates is found te 


each case, demonstrating 


basis thre 


the 


were 


theoretical 
taken, 


employed 


and methods 


adequ ite 
rate 


measurement of absolute turnover 


in the systems of pool iInvestivated 


The rate determination 
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FIG. 2. 


OW being made for the effect of 


nce 


changes turnover rate of the water 
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This iit 


lsorption effect was found 
vreatest when fast green dye w: 


1 us 
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is 


tracer, much less when brom- 


and least ob- 


ous using crystal violet dve 


Should Equilibrium Be Assumed? 


Demonstrations that tracer methods 


il ipplicable l absolute rite dete! 


M ith 


I 


miingations no reservations made 


opeerning dynamic equilibi im ure 
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Time (muir 


Plan of a single hydrodynamic pool of complex shape in which directly-meas- 


ured and tracer-calculated rates of inflow and outflow were compared using crystal 


violet dye as a tracer. 


Sudden and large changes in outflow and inflow rates were 


made at 10 and 20 minutes, respectively, while small continuous changes occurred at 


other times 


single hh drody ram 


to 


tracer in a Doo 


are likewise found he closely com 


parable to the directly measured ones 


regardless oft the type or irbitrary rate 


changes occurring during the 


CNM rl 


See Fig. 2 


ment, 
The direct and indirect rate mea 


suffices ntl 


ure 


») 


ments in Fig. 
to 
istic differences which 


ure precise 


demonstrate slight but characte: 


might be eom 
pared to reaction rate differences that 


ved 


differences 


are frequently obser with and 


resulting from in isotopic 
tracers (4). 

In all of our experiments with the 
the of these 


differences are those which 


single pool, directions 
would he 
ad 
the 


on 


expected if some dye were first 
surtaces trom 


the 


sorbed onto. solid 


circulating water when dve « 


centration was high and then released 
at dve concentration, 


once low 


20 


more 


ind should stimulate further 


this 


reussuring 


nterest 


in particular type ol 
measurement 

However, measurements made in the 
ibsence ot 


llustrate 
other 


dynamic equilibrium also 


an important feature of an 
Numerous 
the 


his 


kind experimenta 


studies, following Initial ones of 


Schoenheimer and intes ( 


| 


ASSOC 
ive clearly demonstrated the existence 
of that state of flux of most constituents 
the of the 
Nevertheless it appears probal 


n living body 


depots 
le that 


the concept of dynamic equilibrium 


has been overstressed in attempts to 


rate determinations, o1 


" 
MaKe 


to 


precise 
facilitate the development of mathe- 
matical descriptions of the phenomena 
of homeostasis with 


the 


sidlogical phenomena of adaptation 


corresponding 


neglect = of 


pry 
ind growth which only appeal 


equally important 


and are 


measurable when ay 


does 


complementary 


the 


taneous 


biological sciences on whicl 
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not exist 
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Externol Radius a 


FAST FISSION FACTOR as a function of external rod radius for five values of ratio of internal 
to external radius 


Fast Fission Factor for Hollow 
Natural Uranium Cylinders 


For accurate calculation of a reactor's multiplication factor, the effect of 
fast fission must be included. The results presented will be of use in design 


of reactors in which coolant flows through a central duct in the fuel rods 


By RAYMOND L. MURRAY and A. C. MENIUS, Jr. 


P) Lye partment, North Carolina State ¢ ollege 0; the University of North Carolina Raleigh Vorth Carolina 


MULTIPLICATION FACTOR of a unity, a chain reaction cannot be made up k, may be computed separately, 
reactor, expressed by the — self-sustaining, regardless of the size of | The fast fission factor, e, is the measure 
four-factor formula” ky, the accumulation of fissionable mate- of the multiplication of fast neutrons 

s the ratio of the number of new — rial; if k, is sufficiently above unity to — by fission. The factor 7 is the average 
ns to the number at the start of — allow for neutron leakage from a finite | number of fission neutrons released per 
assembly, a reactor may be built ofthis absorption of thermal neutrons in 

for a particular mixture of muxture uranium; f is the fraction of thermal 


ind moderator is less than Values of the factors that go to make — neutrons that are absorbed in uranium: 
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Advantages of Coolant Flowing Through Hollow Fuel Cylinder 





. Thermal-neutron flux in coolant is a minimum; poisoning by fluid and by metal 
through which it is conducted is less than for coolant in an annular duct. If 
enriched uranium is used, for which neutron diffusion length is small, coolant of 


high thermal cross section may be used. 


. Effective thickness of uranium metal is less than in a solid slug, for a given 


weight of fuel. 


This permits higher average flux and average metal tempera- 


ture without danger from thermal effects. 


. Total heat transfer surface of slugs may be increased by providing internal cool- 


ing as supplement to external cooling. 


Reactor power under temperature- 


limited conditions can then be appreciably higher. 





and p is the probability that a fast 


neutron will escape resonance capture 


in uranium during the process of slow- 


ing down from fission energy to thermal! 
energy. 

Although the numerical value of € is 
1.05 for a 
system), the effect of fast fission must 


close to unity typical 
be included in the accurate calculation 
of the multiplication factor of a hetero- 
geneous natural uranium reactor 
(0.71 % W235), 

Szilard was the first to recognize the 
importance of e. Castle, [bser, Sacher, 
and. Weinberg (/) have given the 
theory and method of caleulation of P 
neutron collision 


the average proba 


bility, and of € for spheres, slabs, and 
solid uranium eylinders 

It is the purpose of this paper to de 
scribe the calculation of € for the more 
hollow 


general geometry of uranium 


cylinders, using the theory of Guggen- 
heim and Pryce (2) and the declassified 
last 


uranium, 


fission cross sections for natural 
A solid slug is, of course, a 
special case of a hollow slug 

For heterogeneous natural uranium 
reactors, moderated by materials other 
than 


constant 


water, the multiplication 
that the 
effect of the fast fission factor is Impor- 
tant 


sults presented may be of use in the 


heavy 


is so close to unity 
The tabular and graphical re- 


heterogeneous reactors in 
flows 


uranium 


design of 


which the coolant through a 
duct in the 


rather than in an annular duct 


central slugs 


Fast Effect 
The several fates of a fission neutron 


released at an arbitrary point in a slug 


nre 


1. It may escape from the slug with 





Values of Collision Probability and Fast Fission Factor 


} , 


2006 
2013 
1743 
1418 
OS93 


02241 
02142 
OIS25 
01458 
OOSO2 
35943 
3428 
3074 
2546 


1665 


O413S 
O3975 
O3486 
O2705 
01736 
1566 
$424 
1044 
3389 


2253 


05704 
05475 
O4AS879 
03920 
02431 
5368 
5239 
1836 
$123 
2844 


07096 
06842 
OO1LS7 
05001 
03180 





out suffering a collision with a uranium 


nucleus. The chance of this event is 


l r. 


, 
collisions 


On the average, only a few 
moderator nuclei are 


the 2-Mey 


below the fission threshold for natural 


with 
needed to bring neutrons 
uranium 

2. An inelastic 
reduces the neutron 
the threshold. For this effect, 
di 2.47 barns.* 

3. The 


radiative capture, for which the cross 


scuttering may oceul 


which energy 
below 
neutron may be lost” by 
section Is ¢, 0.04 barns 

4. The 


elastically. 


neutron may be scattered 


Since the average change 
in the natural logarithm of the energy 
is only 0.0084 in uranium, this neutron 
may still be classified as a fast neutron. 
For this effect, o, 


5. Fission may occur 


1.5 barns 


The original 


neutron will be replaced by v 2.55) 


new fast neutrons. The cross section 


for fast fission in natural uranium is 


Oy 0.29 barns. 

Processes 2, 3, 4, and 5, for which the 
total cross section is a 1.3 barns, 
in the event of a collision of any 

Processes 4 and 5 result in fast 


neutrons 


eceul 
kind 
which are subject to the same 
was the original 
neutron It follows that the 
lust 


hive possible lates us 
lust 
number of 


eventual neutrons 


available is the sum of all primary, 
der events 

that 
slug is 


The 


chance of collision of a neutron starting 


’ and higher ~()!] 


Determination of the chance, P 


secondal 


i collision takes place in the 
essentially a geometric problem. 
it the center of a sphere of uranium is 
| f where NV is the number of 
uranium nuclei per unit 


For 
| 


neutrons starting elsewhere and moving 


volume 
tiong a variety of possible paths the 
value of P will be different. Of inter- 
value of P, 


for example, that the 


est, however, is the average 
show 


e P 


fora sphere of 2-em radius 1s 


One can 


iveraged over all starting 


the same as the actual P for a 


neutron emerging trom the 


center ol @ 
\ 
f-cm sphere 


rhe equation Tor P, the 
f within the 


ince of 


average 


cl collision metal, 


for a uniform thermal neutron flux is 


7 a 
p=1[ | 
4 Jviv 


In this equation, r may 


=ir—r'l dV dV’ 


in r YT 


this para- 
Atomic 


* those « 


‘ommission 
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the vector to the point at which the 
neutron begins its flight, and 1’ as the 


vector to the point of collision; dV and 
dv’ are 
total volume per unit length of cylin- 


volume elements, and V is the 


der. The expression 


is the chance that a neutron will collide 
If the path 
includes part of the void within the 


, 


in a unit volume at r’. 


, 


—- fF in 
must he 


slug, the distance 


tubular 


the exponential function 


reduced by the amount of such path. 
If the thermal-neutron flux is effec- 
the faust 


fission factor can be written (7)* 


tively uniform in the slug, 


o)P 


+ o.)P 


l)la, 


(l/a)(vo 


Radiative capture in 


this 


uranium = is 
neglected in equation. If it is 


included, then 


o. o;\(a;/a)P 


(1. a)(va; + a,)P 


the 


natural uranium, one 


Substituting v and cross sections 

listed above for 

finds 
0.095233P 


- 0.520S1P 


Thus, the calculation of the fast effect 


cle pends on the evaluation of P. 


Calculation 


e steps in the calculation of 
l are 
shell 
internal radius) to 
radius A set of 
evlinder 


he metal is characterized 

e ratio or, 
xternal four 
external radii, 


2.0 and } em, were chosen 


For eacl f these values of r,, the caleu- 


] i 
lation \ 


ling to 


as done for internal radii corre- 
a-values of 0, 0.2, 0.4, 0.6, 
and 0.8 
It sh 0 refers 
is the 


limiting case of a shell of zero thickness 


uld be noted that a 


to a solid eylinder, and @ l 


€ 1 is exactly zero). 
The uranium density was taken 
as 18.7 gm /cm§, corresponding to \ 
0.04731 The mac- 
section for fast 


No, is thus 


1074 nuclei/em?. 


roscopil total cross 


neutrons in uranium, 2 
0.20343 em7?. 

made a distinction be- 
1 P’, the probabilities of collision 
and secondary fast neutrons 


* Castle et al 
tween P ar 


for prir 
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3. The probability of escape, 1 — P, 


may be expressed by 
P 
where 


F, a,r,) 


l a . 
[* dy Kis(2=ry) V1 


, \ 
F, a,l,) i 
l—a 


V [Ul + a)? y* (1 


dy Kio 2=r.y) 
a)*} 


the integrals 


and 


forms ol 


are modified 


derived by CGugvenheim Pryce 
Kg. 2 12, ref. 2 
the 


defined by the recursion relations 


The function Aids is 


second-order Bessel integral (3) 


A o(a 
the 
function, second kind 

4. Values of Ais(a 
for steps of 0.05 in the argument, in the 
0-3.0, 
polation 


Bessel 


zero order. 


where Ko(r) is modified 


were evaluated 
by Taylor’s series inter- 


Bickley’s 


expansion is a 


range 
from table (38). 
Such an natural 
the 
Bessel integrals or Bessel functions (4). 

5. The functions Fy(a,r, 
were computed by numerical integra- 
tion to an accuracy of O.1% 
of P obtained 


formula, 


one 


since derivatives are lower-order 


dana F (a.r,) 


and values 


were from the above 
The table gives the calculated values 
of P and e 


sidered. 


1 for the 20 cylinders con- 
The fast 
these evlinders is plotted in the figure. 
the tabulated or 
graphical data may be used to obtain 
1 for 
eviinder in’ the 
Oto 4 em 


fission factor for 


Interpolation — of 
sufficiently accurate values of € 
desired hollow 
Oto | 


any 


range a and 7 


Application 
As an illustration of the application 


of these results, we consider the relative 





sizes of € for a solid, natural-uranium 
evlinder of radius 1.4 em, and «a hollow 
evlinder of the same volume of metal 
The 


the external 


and with a radii ratio of a 0.6 
internal radius is 1.05 em 


is 1.75em. From the figure we find 


1.030 
1.020 


Solid slug: € 
Hollow slug: ¢ 


The apparent loss of 1°) in multi- 
plication may be offset by the reduced 
potsoning and improved temperature 
If the 1.05-em-radius duet 


with a 


conditions. 
filled 
liquid sodium, the reduction of thermal 
(and c. 


approximately 1%; 


were coolant such its 


utilization, f would be 


the same amount 
of sodium at the surface of the |.4-em 


solid slug would change f by 2, 
The difference lies in the tact that in 
the first case the coolant is in a flux 
than at 


whereas in the second case the reverse 


lower any point in the slug 
is true, 

The temperature drop between the 
a solid shig 


where ( 


center and the surface of 
is approximately O.95Q 4h 
is the rate of heat generation per unit 
length and & is the metal conductivity. 
For a hollow slug with internal cooling, 
it may be shown that the temperature 
drop is approximately (1 /a)(1 a)Q/ 
O.7Q dnl A 


higher 


this case 
10% 
permitted in the hollow slug 


fork, or for 


power density may be 


without 
metal tem- 


exceeding ANY bHwiNtnuimn 


perature limits, 


* * * 
We are indebted to Dr. Alvin M 
and Dr. Robert A 
National Laborato 


this problem 


Weinherg 
Charpie of the Oak Ridge 


y for the euggestions on 
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Thermonucleonics 


Last month Nucitonics published a letter from Dr. Ronald Richter in Argentina. 
At that time the editors noted that Dr. Richter had been invited to use the pages of 
this magazine for an up-to-date description of his thermonuclear reactors and his 


experiments with lithium. 


Dr. Richter has since informed us that he is preparing an article for NUCLEONICS in 


which he will publish some details about thermonuclear reactors. 


He plans to 


submit the article within the next few months.—Editor 








SIZE of DOSE: 


Its Effect on Distribution 
in the Body 


Tracer studies of biological distribution of isotopes cannot 
always be extrapolated to the dosage ranges of interest to 
toxicologists and therapists. Current physicochemical theory 


is used to explain changes in distribution with dosage 


By HERBERT E. STOKINGER 
Chief Toxricolo i ©) pation Health Fie 1 Headquarte x 


CS.) Public Health Se e. Cb nnali, Ohio 


ind the results lates applied to thera- Tl i> s of animals exposed by in- 
if halation to levels of beryllium sulfate 


RADIOELEMENTS have 


biochemists and. toxicologi eutic or TONLE « 


refined tool that aid the ol It . with this aspect ol raidho- differing logarithmieall 


many difficult problem Iss ion displaved a tissue distribution 


In concentra- 


hemistry that the present disci 


One currently popular use oncerned Related aspects to be !) rm for beryllium that = differed 
cation of carrier-tree psotop sed are the effects on elemental strikingly from one dosage level to 
determination of distributi listribution of contaminants and dis inothe 1); whereas animals sub- 
cretion of elements in the bod su turbed physiology in the host Inter- cted to an exposure level of 1 milli- 
of current fact and theory gram beryllium sulfate per cubic meter 


re than 1g ot the 


an important limitation retations 
ire presented to ¢ xplain these effects of air showed no me 


recognized 
content of the lung to be in 


Dosage may profound! nfluence 
the pattern nt ge on of an = COLLOIDAL 
ment in the body lence can PHAGOCYTOSABLE CATIONS « thie ' eh: 


be so great at times a » perm } 
author’s attention was drawn f other tissues revealed 
iotothe phenomenonthat differences which in most cases were 
as shown by the table 


comparable groups of animals 


1 to 10 mg/m? showed nearly 


entirely erroneous conclusion 0 ( The 


ler f } ' 
1 i aa me ve 


deposition site of an eleme ils 


of the present discussion iitiost as large 
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on results of carrier-free 
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Absolute amounts of 


these tissues were not 


from a few thousandths 
to a 
re felt to be of 
different 


to different 


few micrograms 
great 
individuals 
concen- 
same material, one 
t to find a different pattern 

test itions solely he ause 
the toxic 


Again 


Miss the 


agent in 
sites organ- 
nia mark 


IP improper considera- 


ical study of the solu- 
OMmpleNing 
fluids at 
< started by 


capacity of 
different 


others of the 


tissue 
ittempt to explain this 
dosage-regulated  dis- 

miyv some time 
liobervilium became 


studies were 


» that the distribu 


adiotrace! 


Vilhum Was again 


a funetion of 


Be? was injected 

nto two animal species 

t and the rat—at two dosage 
tree of nonradioactive 
the other 
ium added to the extent 


with 


is’ possible 
itely a million times the 


” 


obtained with = radio- 


que bore out in general 
obtained in the inhalation 
the table 


distributed to 


as shown in 
bervilium 
~ in terms of percentage 
d dose showed differences 
er and spleen in both 
nappreciable differences 
nd bone of 


four tissues 


lifferences were more 


rabbits 


pro- 
rats than In 
onsistently greater relative 
resulted (2-6 
less urinary 
Wiis yiven 

showed smaller effects 
most striking example 
bodily 


on absorption 


influence of 
al pu 
tis the recent report of 
and Bonnet 4) on 
This 


red so absolutely 


water-soluble 
insolu- 
ict with the tissues as to 
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show | ho 


the 


absorption 


tract 2 


measurable 


from gustroitestinal 


essentially no removal from the lungs, 


and (3) almost no transport 
utter 4-14 


thorium torms 


muscle 
Although 


plexes readily with 


site of Injection 


davs com- 
certain bodily 


this 


con 


stituents such as citrate appar- 


ently is unimportant in its metabolism 


PROTEIN-COMPLEXING 
METALS 


ng noted by 
1950 


Similar effects were bet 


other workers at about this time 
A study of the 


appeared by K. G. Scott and Hamilton 


metabolism of silver 


>) that gave detailed information on 
the relative 


three 


distribution of silver at 


levels arrier-free, with 


carriel \ 
1O0- 


dosage 
0.1 mg, and with | mg 
striking difference of as much as 


to 300-fold increase mn silver content 
eertam 
l-my-added carrie: Mhis 


the table on this page Tr 


was obtained in tissues from 


is shown in 
ressed de- 


position occurred in all nine tissues, and 


fecal excretion decreased from a mayor 


to a relatively minor proportion of the 


dose when | mg of inactive silver ear 


added 


these findings to 


rier WAS The significance of 
therapy Was pointed 
When the 


atoms per rat Was 


to 10'* 


out by the authors dose 


of silver Increased 


from 10 1 concentration com 


monly used in therapy, a LO- to LOO-fold 


increase in the concentration of silver 


was observed in the liver, kidney 


spleen, skin, bone and muscle 


from the 


These authors also demonstrated 


the profound alteration ino excretory 
function in animals whose livers were 
placed under the stress of light chloro- 
anesthesia. Such animals were 
able to 


lO * 


form 


excrete silver at oa rate only 


distribution 
lo 


and silver 


that 


normal 


resembled discernible when 
greater amounts had been administered 
sefore even more striking effects of 


dosage are recounted, it mav be of 


this 
expl ination of the 


value at point to attempt an 


thove findings in 
the light of related work and current 
physicochemical theory of the biologic 
behavior of metals 

hervi 
the 


reticuloendothelial svstem with altered 


The alteration in amounts of 


lium deposited in the tissues of 


dosage may be sacecounted for fairly 
well on the basis of 
the 
fluids by 


and 


netual studies on 
boas 


group 


solubility. of bervilbum = in 


Neuman 


general pli 


and tits 
| mecha 


on 


emledth 


sic 
nisms proposed by Sehubert (¢ 
these belongs to oa 
group of hydrolyzable that at 
the pil of body fluids (7.2-7.4) is 


incapable of existing in an 


bases, bervilium 


metal 
hone Torm 
rrinite 
this 
colloidal 
pul 4.6 
sufhicient 


except inc an extremely con 


centration For berviliam value 


is 10% M polymerizing as the 


hvdroxide at values above 


kividence for aggregates of 


size to be trapped by the phagocytic 


systems is accordingly found wherever 


dosage exceeds this extremely minute 
value for bervilium. Only complexing 
with bodily constituents of low molecu 


lar weight permits appreciable’ trans- 





Relative Tissue Deposition from Large and Small Doses of Metals 


Values are the ratio of deposited element from large to that from small dose 


Veta 


, 


toute of adm Intramuse 


Dosage ratio i x 10 
Heart and ling 10 

Liver 

Spleen 

Kidney 

Some 

Muscle 

Skin 
ea | 

Blood 


tract 


Rabhit (3 Ddog 


Intraven Inh 


10 


tiation 








port of beryllium in body fluids above 
this limiting value for ionic transport 
and this does not appear to be the case 


Colloidal hydroxide aggregates capable 


the 
Thus. the be- 


of being removed by phagocytic 
system are the rule 
havior of beryllium in the body may be 
accounted for fairly satisfactori 

In applying the same basic theory 
to silver, which shows similar distribu- 
diffi- 
encountered 
stute at pH 
values of 7.5-8, which are above 
According to 
theory, distribution should not be in- 
dosage. The fact that 
effects 


tion pattern with change in dose 
culty is immediately 
Silver exists in an ionic 
most 


physiologic ranges 


fluenced by 


dosage decidedly even more 
marked changes in distribution than is 
another 


the 


seen with beryllium requires 


explanation: Silver, even in pres- 


ence of chloride, complexes — with 


protein (7). Such complexes indeed 


have been demonstrated by Scott and 
Hamilton 
chiefly 


serum albumin and with red cell con 


serum globulin 


with 


between 


and, to a lesser extent 


stituents, with a partition regulated 


by the proportion of each component 
The 
combined silver is trapped by segments 
and 


in the blood at the time protein 


of the reticuloendothelial system 
the 


sites as 


excreted by liver: its presence in 


such muscle and skin may 


presumably be accounted for by its 
protein affinity. 
that 


complexes 


It may appear anomalous 


uranium, as uranyl ion 
normally in the body with protein, but 
unlike silver is not deposited in’ the 
the 
should be 


uranium 


elements — of reticuloendothelial 


system. It pointed out 
however, that unlike silver 


forms also a small, readily soluble and 
diffusible complex with bicarbonate in 
proportions favoring the latte: s 

and thus is ‘transported without regard 
to the action of the reticuloendothelial 
system. The distribution of uranium 
would predictably differ from that of 
silver; it does, not being found in the 
liver, spleen or bone marrow in more 
large 


closes 


than trace amounts from 


FALSE CONCLUSIONS 
FROM RADIOTRACERS 


The 


further example of elemental distribu- 


element yttrium provides a 


tion. The changes in deposition from 


tracer amounts and from milligram 
amounts of stable 


striking that entirely erroneous con- 


26 


isotopes are ) 


had 
isotopic data been relied on exclusively. 

Distribution data from the use of 
carrier-free Y* would class yttrium as 
10), such as lead and 
But work by MaecDonald 
11), employing an yttrium dose 


would have been made 


clusions 


bone-seeker (9 
strontium 
et al 
of 60 mg/kg intraperitoneally injected 
in rats on alternate days, produced no 
evidence to warrant such a conclusion 
No evidence for accumulation — of 
yttrium in bone was found bevond a 
the othe: 
accumulations occurred in the 
kidneys. 


although there was evidence of 


minimal amount; on hand 
Massive 
liver 


Thus 


good absorption from the peritoneum 


spleen, lungs and 


as judged from the concentration in the 
the 
thelial system, as would be anticipated 
pu ol 
no deposition 
the 


organs comprising reticuloendo- 
from physicochemical theory 
precipitation of Y, 6.8), 
occurred in bone. For toxicolo- 
gist, pharmacologist and chemothera- 
pI these findings are of the utmost 
yhoificance 

Che author has noted for uranium a 
to that described for 


Visit to a 


situation similar 
yttrium On a colleague's 
laboratory he was shown dispropor- 
tionately heavy concentrations of alpha 

the 
with 
the 


hundreds of 


tracks in liver section of 


rats 


doses ol | i 
the livers of 


many 


injected trace! 


Krom analysis of 
animals of species 
exposed to varving concentrations of 
Uranium compounds, amounts of ura- 
were found in this organ 


niu neve 


in excess of trace amounts < 0.1 
and 
The 
with in 
the 


irrespective ol the degree 


the 


we gm 
duration of exposure (8 
only exceptions results 
jected 
time the results were inexplicable; with 


the 


were 
tetravalent uranium At 
recognition of the discrepancy in 
deposition between tracer and carrier 
they 
understandable 


yttrium become more readily 


Similar but less quantitative cases 


could be made for zirconium, chro- 


* and a 
But the 
preceding examples should suffice 

Lest it be that 


ettects and 


mium, and probably mercury 


number of other elements 


concluded dosage 
distribution excretion 
changes in all elements, it should be 


pointed out that Thompson and Copp 


* Data route of ad- 


ministration, species, time ol sampling etc., 


comparable as to 


at different doses are not available on most 
roughly 
indicate dosage-dependent distributions for 


elements, but comparable data 


these three elements at least 


12) have shown that the addition of 


1.25 mg inactive calcium as carrier to 


o-peec doses ol Ca‘* 


had no appreciable 


influence on its metabolism 


MEASUREMENT OF ERROR 
FROM RADIOCONTAMINANTS 


Turning to another aspect of meta- 
bolic work, that of 


caution recently 


measurement, a 


has been voiced by 
Comar in 


of Cu®, 


a report of the metabolism 
This author pointed out the 
the need to 


necessity lor examining 


remove radiocontaminants in meta- 
bolie 


Otherwise 


work with radioisotopes (13). 


errors Can arise trom two 


sources: 
1. Animals 


tory 


mav, by normal 


effect a 


excre- 
processes selective eon- 


centration of impurities compared to 
the subject element 


2. If the 


decay 


element is short-lived, 


may add to the error, especially 
with impurities of appreciably longer 
life 

In view of the quantitative differ- 


ences in body metabolism of the ele- 
ments, the first factor would appear to 
be one of ever-present concern if the 
isotope contains impurities with appre- 
clable activity. 
fadiocontaminants ma\ from 


they 


Vary 


sumple to sample, as arise trom 


impurities of variable composition in 
the irradiated material used tor isotope 
production Purification by electro- 
lytic pr 


the difficulty 


ocedures may offer a remedy to 


ENZYME-REGULATED 
DISTRIBUTIONS 


There 
of elements, not vet «li 
This is 


rate ot physiologic activity 


is another type of metabolism 
cussed 


dosage-modified the 


which the 


ol oa specifically functioning system 


plays the determining role. Examples 


are the thvroxin-forming systems of 


the thyroid cells involving iodine in- 


corporation into a complex organic 


residue, and the systems responsible 
for incorporating iron into hemoglobin 
and presumably other iron-containing 
porphyrins. f 

These systems represent an entirely 


1e type of physio 


t Undoubtedly 
logically 


the san 
regulated processes eXist) In the 
metabolism of other trace metals in the 
as Co, Zn, Cu, etc., but 
absolute quantity 
not influence the over-all I 


peutic levels 


body such thei 


is so small that it does 


icture at thera- 
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that the 
factor is the rate of incorporation of the 


different type in governing 


element in a system. The rate is in 


general slower than the more directly 


chemically mediated metabolic reac- 


tions such as that discussed for silver 


ogically dominated metabo- 


In physiol 
lisms, increasing the dosage results in a 


percent ige-wise decrease of deposition 


in respect to the dose, not in an in- 
creased deposition in the system. In 
the ease of iodine, whereas a 0.001-yg 
dose resulted in 65°% uptake by the 
thyroid of rats, 0.03 wg gave only 7% 
and 0.5 mg showed only 2° % uptake 
of the dose administered (14). Similar 
patterns were found by these authors 
other 
with different species. 

than 


unusual case of 


for human thyroid and by 
Workers 1d 


Tron 


hodine 


perhaps even more 
represents an 
elemental metabolism that is governed 
bY a sequence of physiologic events, 
rather than more directly by precipita- 


tion and phagocytic phenomena. 
When the dosage is modified, as in the 
‘ the 


decreasing percentage-wise absorption 


case of iodine, in direction of 


with increasing dosage by ingestion, 
the limiting factor appears to be com- 
bination of the iron with apoferritin 
phosphate, an enzyme-catalyzed reac- 
tion in the mucosal cells of the upper 
tract. 


this 


gastrointestinal Iron is. dis- 


charged from site to restore di- 


minishing dosage depots. 
cells are with 


Once the replete 


ferritin, only minimal iron absorption 
intil the iron is released into the 


thus, 


occurs 


rculation; through «a compli- 
d series of rate-regulated events, 
the dosage-distribution pattern of iron 


Al- 


distribution of 


is determined following ingestion. 
though the mode of 
parenteral routes differs mark- 
| be 


lack of clinical importance 


iron by 

it wil neglected here because 
ol relative 
at the ew parenteral 


present time. 


agents are available. 


from all other elements, in that the rate 


is most peculiar also, differing 


of excretion of the amount absorbed is 


not affected by dosage; in fact, most 
of the absorbed iron is not excreted at 
ill The excess of large doses is stored 


in the spleen, liver and other organs. 


EFFECT OF 
PHYSIOLOGIC STRESS 


Some such rate-dominated processes 
the 


tion differences of elements in 
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undoubtedly determine distribu- 


lisease 


health It 


a decade ago by 


and in shown more 
than Hamilton (14) 
that different pathologic states of the 
thyroid exerted a marked influence on 


Wiis 


the uptake of iodine, and that increas- 


ingly greater amounts of iodine ad- 
ministered in the dosage of O.1 yg of 
carrier-containing iodine were deposited 
in the following order in the different 
hyperthyroid without 
thvroid (15%), 
22%), and 


thyroid states 


¢ 


goiter (3%), normal 


nontoxic goiter toxic 
goiter (55%). The pattern of tissue 
distribution of cobalt was also modified 
to some extent by the leukemic process 


When 
certain 


in mice injected with Co (16) 
iron stores are depleted, as in 
anemias, iron absorption increases 10- 
to 20-fold. 


SUMMARY 


In summary, often substantial quan- 


titative, and at times qualitative, 
differences in distribution and excretion 
of an element in the body follow upon 
the administration of different dosage 
With 
differences can be so great as to result 
the 
tendency of an element to accumulate 
in certain sites. It is 


tunate that the refinements offered by 


levels. certain elements these 


in erroneous conclusions as to 


organ untor- 
the carrier-free radioelement technique 
cannot serve at once the radiochemist, 
the toxicologist and the chemotherapist. 

Current physicochemical theory and 
experimental results thus far available 
have been used here to furnish a reason- 
able explanation as to why certain of 
with 


these differences in distribution 


dose occur, The review has attempted 
to develop the fact that there are at 
least distinct that 
regulate the distribution of an element 
in the body. 

The most general of these appears 


three mechanisms 


to be the mechanism of phagocytosis 
by the reticuloendothelial system com- 
ponents for those elements that exist 
as colloidal hydroxide aggregates at 
physiologic pu values and whose dis- 
the 
chiefly upon increase in dosage. 
this 


is entailed 


svstem 
Beryl- 
similar 


tribution increases in 


lium typifies group. <A 


mechanism with elements 
such as silver that complex with col- 


lc vidal 


later accumulate in the reticuloendo- 


moieties such as proteins and 
thelial system and skin. 

A different mechanism governs those 
cations that exist as such at all bodily 


pH values. Examples are sodium and 


These 
the 
Presumably 


magnesium. elements do not 


accumulate in reticuloendothelial 


organs, those elements 
that complex firmly with small organic 
constituents of the circulation behave 
like 
these basic, nonhyvdrolyzable cations, 
but 
on this point 


A third 


has been herein called physiologically- 


from a distribution standpoint 


little factual material is available 


mechanism involves what 


regulated metabolisms that are rate- 
governed by a rather complex series ol 
enzvnue reactions in contrast to more 
directly chemically-mediated reactions 
Under this third 


mechanism is restricted, as far as is 


normal conditions 
known, to relatively few elements, such 
as iron and iodine, but in disease and 
in conditions of stress it is undoubtedly 
this type of mechanism that modifies 
the normal distribution of an element 
this briefly 


a preceding section of this 


Instances of have been 


noted in 
article 
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Effect of 
High Beta Backgrounds 
on Precision Alpha Counting 


Studies on a Simpson proportional alpha counter indicate that beta backgrounds 


of 3 
by 0.5% 


By D. G. MILLER 

and M. B. LEBOEUF 
Applied Research Unit 
Engineering Department 
General Electrics Company 


Hanford Work Richland, Washi) jlor 


THE PROPORTIONAL ALPHA ¢ 


OUNTER 


designed by Simpson (7) has found 


extensive application in’ the precise 


determination of alpha activities. Of 
importance among the 
that this 
extremely 
ability to 
the 


activity 


primary milan 


characteristics make instru 


ment an useful analytical 


tool is its eount alpha 
high-level 
This report i in 
the 
sub-tolerance B-activities on 
that 
instrument 

The 


proximately 3X LO 


activity in 
beta 


evaluation of 


presence ol 
effect ot intense 
a-count 
ith tl 


ing rates are observed w 


presence ol greater than ay 
dpm 0 beta 


activity on oa souree whose alpha 


activity is to be determined results in 
a reduction in the alpha counting rate 
as measured with the Simpson propor 
tional alpha countes At the normal 
operating voltage for this instrument 
approximately 200 volts below the beta 
threshold for a heta 


the reduction in alpha counting rate 


given mntensity 
varies from approximately 0.5°% with 
3X 10? dpm of beta activity 
to about 2% for 4 & 10° 


activity. 


present 
dpm ol beta 
The magnitude of the 


| 
voituge 


tion is a function of operating 
beta beta 
pulse-amplitude distribution, input am- 


28 


intensity, energs ilpha 


This reduction increases to 2% for backgrounds of 4 


tude threshold, and individual in 


trument circuit characteristics 


Proportional Counter Theory 


Che ion detector of the instrument 


“a proportional chamber through 
W bite hi 


pressure 


methane flows at 


The 


diameter 


atmosphere 
electrode is 
held 
ata positive potential of approximately 
2,000 volts with respect to the chamber 
Walls act as the cathode 

Che proportional counting region is 
that the 


oltage curve which falls between the 


collecting 


1 2-mil tungsten wire 


which 


section of pulse-height-vs- 


saturated ion-chamber region and the 


region of limited proportionality In 
the proportional region, the pulse 
height observed when an lonizing event 
oceurs in the chamber ts proportional 
to the number of ion 


initial pairs 


formed by the event 


Methane is used for the chamber 
itmosphere because ionization of this 
the primary ionizing event does 
the 


in turn 


ras by 


not lead to emission of photons 


which would produce photo- 


lectrons and destrov the proportion 


ility of the counter response (2 

A second important advantage real 
ized through the use of this polyatomu 
gas is that it displays a stable ampli- 
fication factor with respect to voltage 

} The gas amplification factor at a 
specified voltage may be defined as the 
ratio of the number of 
lected at that 
collected at 


electrons col 
voltage to the number 
a voltage in the saturated 


ion-chamber region, where ho 


gus 


amplification occurs: in other words it 


alpha pulse 


10° dpm reduce the observed alpha counting rate 


10° dpm 


the charge collected at 


mode to the charge produced by 


the primary lonizing event 
The specific ionization ,;) OF an 
tipha particle is much greater than that 
of a beta particle. Because of this and 
the proportional response of the counte! 
it is possible, by proper selection of the 
input amplitude threshold, to count 
in the presence of beta 
the 
The input amplitude threshold 


into the 


ilpha activity 
activity 
latter 


without interference by 


defines the bias set emeuit: to 


discriminate against pulses with ampli- 


tudes less than the selected value 


Figure 1 shows a typical curve of 


counting rate vs voltage for this instru- 


Ideally 


a voltage corresponding to the 


ment 
ated at 


the instrument is oper- 


center of the alpha-plateau region to 
maximum stability of 
with 


“assure 


rate 


counting 


respect to voltage fluctua- 


tions Jecause of increased gas ampli- 
voltages, beta ac- 
this 
the 


| correspond- 


heation at 
tivity, 


higher 
present, is detected by 
the 
three beta curves of Fig 
three different 
It is evident 
beta 


instrument in way shown by 
beta 
then, that the 
activity 


ing to values of 


activity 
presence of effectively 
reduces the length of the alpha plateau 
this it Is 

threshold 
tolerance for this instrument 


The beta threshold is defined as that 


Jecause ol necessary to 


specify a beta and a beta 


voltage which, for a given beta In- 


tensity, permits beta-beta pile-up pulses 


to attain an amplitude equal to the 


amplitude of the smallest detectable 


At a specified operating 
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FIG. 1. Alpha and beta counting-rate 
curves for Simpson proportional counter 


voltage, the beta tolerance is that beta 


intensity which permits  beta-beta 
pile-up pulses to attain an amplitude 
less than the amplitude of the 
The 


threshold and beta tolerance are 


just 
smallest detectable alpha pulse. 
beta 
functions of beta intensity and operat- 
ing voltage and also of beta energy. 
Since the specific ionization of a beta 
particle varies inversely as its velocity, 
the pulse produced by a low-energy 
particle for a given path length in the 
chamber is greater than that produced 
For this 


beta threshold for a given 


by a higher-energy particle. 
reason, the 
is lower for lower-energy 
this that the 
at a specified voltage is 


beta intensiti 


betas It follows from 


beta tolerance 


ilso lower for lower-energv beta ac- 


tivities experimental verification of 


the dependence of beta threshold and 
intensity, 


2 and 3 


beta tolerance on voltage, 


nd energy is shown in Figs. 


Experimental Methods 


The paired half-disk technique, com- 
or the determination of 


osses (5), was emploved 


comemdence 
in this stud Platinum disks 22 mm 
n diameter and 5 mils thick were cut 


across 4 diameter. Alpha activity was 
deposited on one half-disk, and known 
intensities of beta 
posited on other half-disks. The count- 
half-disk 
precisely determined in the presence of 


The blank half- 


no activity was present, 


activity were de- 


ing rate of the alpha was 


a blank half-disk 


disk 


was used to 


on which 


eliminate any changes 


in counting geometry. The observed 
counting rate of the alpha half-disk was 
then redetermined in the presence of 
beta half-disks at 


ilong the alpha plateau and 


various operating 
voltages 
with varving, known intensities of 
beta activity 

The 


broken down into two distinct phases. 
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present 


study can conveniently be 


FIG. 2. Simpson counter thresholds for 
5 X 10° dpm of beta activity 


In the first phase, the source of beta 
activity used in the preparation of the 
beta half-disks was a solution of mixed 
fission products containing alpha, beta, 
and gamma activities In the second 
the beta half-disks 
isolated 


beta 


phase of the study 


were prepared with nuclear 


species emitting only activity. 
The beta emitters used for the second 


Rule 
0.17, 1.5, 


phase were S*, Y*) and with 


maximum beta energies of 

and 3.5 Mev, respectively 
The half-disks for the first phase of 

the study were prepared as follows: 


Half-disk 1. Alpha 


deposited by evaporation of a standard 


activity Was 


plutonium solution 
Half-disk 2. 


were deposited by evaporation 


Mixed fission products 

Sam- 
vield a 
heta 


ple aliquots were chosen to 


series of disks with the various 
intensities to be investigated 
Half-disk 3. This was a blank half- 
disk with no activity deposited on it 
disk 


and 2 


The alpha counting rates of 


combinations | and 3, 1 and 2 


and 3 were determined at various 
operating voltages on the alpha plateau 
various beta 
present on disk 2. The 
alpha activity on the beta half-disk, of 


necessitated the precise deter- 


and with intensities 


presence ol 


course 
mination of the counting rate of disk 
combination 2 and 3 

In the second phase of the study, the 
half-disks were again prepared as out 


half-disks 2 


were prepared using the three separated 


lined above except that 


Isotopes, which decay by the emission 


of beta particles Therefore, no alpha 
activity was present on the beta half- 
disks for this phase of the study, and 
determination of the counting rate of 
combination 2 and 3 was not necessary. 

The beta activities 


by counting 


were determined 
suitable aliquots on a 
counter which 


standard beta-gamma 


uses an end-window G-M tube, and on 


FIG. 3. Simpson counter tolerance for 
0.17-Mev betas 


the Tracerlab SC-16 windowless flow 


countel The counting rates obtained 
the G 
disintegrations per minute by 


tion of the backscatter 


witl \l tube were converted to 
ipplica- 
correction and 
counting efh 


the relation between 


ereney and maximum beta energ 6 

Backscatter 
applied to the counting rates 
with the flow 
counting efhiciences 
this 
obtained 


correction Was also 
obtained 
counter, and a 500 
assumed for 
instrument. The activity 
with the 


factor ol 


wus 
values 
two instruments 
agreed within a two for the 
mixed betu-gamma sources, and within 


306% for the individual beta emitters 


« 


Experimental Results 


A series of counting 


First phase. 


determinations at) various voltages 
using beta half-disks with activities of 
3x 107, 1 & 10%, and 4 


showed that the presence of these sub 


10° dpm 


tolerance beta activities caused a redue 
tion in the observed counting rate of 
the alpha half-disk 


of these reductions are 


The magnitudes 
summarized in 
Fig. 4d as functions of operating voltage 
beta The 


per cent change in alpha counting rate 


and intensity values of 


were calculated by 
Per cent change 


and the 


subscripts refer to the number of the 


where C is the counting rate 
particular disk 

Since alpha activity was also present 
on the beta half-disk in this phase of 
the study, 
biased by 


the above calculation is 
the fact that 


alpha counting rate of the beta half- 


the observed 
disk is low because of the presence of 
the beta This 
neglected in the values in Fig. 4 

All of the 
counting rate were analyzed by use of 
the Student-Fisher ¢-statistic to 
that the 


activity factor Is 


observed differences in 


show 


were reul and 


29 


differences 














© Counter Not 
& Counter No.2 


) Courter No3 




















FIG. 4. 


Change in observed alpha counting rate in presence of three different 


beta backgrounds for the Simpson counter 


not merely due to random counting 
fluctuations. 

Second phase. 
determinations were made with three 
beta half-disks on had 
deposited 5 * 10° dpm of beta activity 
with maximum energies of 0.17, 1.5, 
The count- 
ing rate of the alpha half-disk alone 
(disk 1) 
99% level of reliability. 

The change in 
counting rate of the alpha  half-disk 
when in the presence of the beta half- 


A series of counting 


which been 


and 3.5 Mev, respectively. 


was 52,265 + 35 cpm at the 


per cent observed 


disk was calculated by: 
Per cent change (Css: CC, 
The results of this phase of the study 
Kach of 
the three values of percentage change 
at the three different beta 


energies were obtained through eight 


are summarized in the table 
maximum 
Four of 


disk 
bination | and 2 and four were on disk 


replications of 5-min counts 
the 5-min counts were on com 
combination | and 3. 

The data are too limited to warrant 
statistical The fact that 
each value of per cent ¢ hange is nega- 
that the 


analysis. 


tive is sufficient to show 
due to random 


observed effect is not 


counting fluctuations proba 


bility of obtaining this result by chance 
is only 0.002. 


Mechanism 

A study of the 
threshold of this 
taken in an attempt to establish the 
the 
beta 
caused the observed reduction in alpha 
rate. By 
generator it was found that the pres- 
the beta 
produced a fluctuation in the normal 


input amplitude 


circuit Was under- 


mechanism by which presence 


of these sub-tolerance activities 


counting use of a pulse 


ence ol intense activities 
input threshold of the instrument. 
Figures 5 and 6 show this observed 
fluctuation in input threshold for beta 
107 and 4 10° dpm, 


at various operating voltages along the 


activities of 3 X 
alpha plateau. The curves indicated 


as ‘‘normal threshold’? are obtained 
the 


activity present in the chamber. 


with no 
The 


remaining three curves in each of the 


from pulse generator 


figures are obtained with the indicated 
beta 


in the chamber at the operating poten- 


sub-tolerance activities present 
tial shown on the curves. 

The sources used in this part of the 
work were those used in the first phase 


discussed above, with the addition of 





3500} 


| 
| 
} 
| 
| 
| 


Input 3600 cpm anstan 


amplitude pulses from 


linear pulse generator 








Change in Alpha Counting Rate in 
Presence of 5 x 10° dpm of Betas 


Va Lit@- 
wien 
he la 


Change in alpha Average 


energy counting rate change 


Ve q (% 
17 0.15 0.29 
5 0.17 0.05 
0.85 —0.8 





a single laver of cellulose tape ove! the 
disks 
The 
intended for quantitative evaluation of 
this effect, the 


with 


to absorb the alpha activity. 


data of Figs. 5 and 6 are not 


and curves obtained 
the 


should probably show greater symmetry 


beta activity in chambet 
to the normal curve than is indicated. 

Considerations of these data showing 
the effect of intense, sub-tolerance beta 
activity on the input threshold of the 
instrument lead to the postulate that 
the observed fluctuation is due to a 
disturbance in the base line or reference 
potential from which the pulse ampli- 
Oscillographic 


tudes are measured 


observation of the amplifier output 
showed this disturbance of amplifie: 
base line with beta activity present in 
the chamber. 

It was then predicted that, if the 
distribution of alpha pulse amplitudes 
for this chamber were of a required 
the this 


would be a net reduction in detectable 


form, result of disturbance 


alpha pulses. The form required for 
this distribution would be one in which 
the number of alpha pulses with ampli- 
tudes just exceeding the input threshold 
is greater than the number with ampli- 
tudes just less than this value. 























FIG. 5. 


30 


Fluctuation in input threshold for 3 
beta activity at various voltages along the alpha plateau 


<x 10’ dpm of FIG. 6. 


Fluctuation in input threshold for 4 « 10° dpm of 
beta activity at various voltages along the alpha plateau 
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\ determination of the alpha pulse 
amplitude distribution was then made 
using a single-channel differential pulse- 
height analyzer, and the predicted form 
shows 


W 
Wiis 


found to exist. Figure 7 
the distribution found with the Simp- 
ounter and also that found with 


Each point on this 


son 
another counter. 
curve represents the observed counting 
rate for pulses with amplitudes that 
fall within 2-volt increments of bias. 
Jecause the base line of the amplifier 
fluctuates sub- 


when an intense, 


tolerance beta activity is introduced 
into the chamber, the distribution of 
pulse amplitudes in Fig. 7 will oscillate 
the this 


oscillation is of equal magnitude in 


along horizontal axis. If 
each direction across the normal input 
threshold the 


net loss of detectable alpha pulses; a 


value, result will be a 


greater number of pulses are brought 
threshold value as the dis- 
shifts the 
left—than «are the 
threshold as the distribution moves 
upward—to the right. 

The input threshold, shown in Fig. 


below the 
tribution downward—to 


brought above 


7, was determined by obtaining inte- 


gral counting rates at successively 


values of bias 
The 
the integral counting rate through the 
the 
counting rate on the Simpson scaler 
defines the input threshold; all pulses 
than this 
value of bias are detected and recorded 


lowe pulse-analyzer 


voltage bias voltage at which 


pulse analyzer equals observed 


with amplitudes greater 
by the Simpson unit. 


The distribution of alpha pulse 
tudes was determined for another 
proportional alpha chamber. The de- 
sign of this chamber differed 
slightly from that of the 


The distribution of alpha 


Aanip 


only 
Simpson 
chamber 
pulse amplitudes for the second cham- 
ber is shown in Fig. 7. If the proposed 
mechanism of the observed beta effect 
reference to Fig. 7 would indi- 

that the pulse-amplitude distribu- 

or the 


i smaller 


second chamber would 
reduction in observed 
counting rate, in the 


iven beta intensity, than was 


presence 
ited by the Simpson chamber. 
perimental determination of the 
f a sub-tolerance beta activity 
108 dpm on these two chambers, 
the same alpha, beta, and blank 
lisks as well as the same amplifier, 
la 3% reduction for the Simpson 
her, and 1% for the other. 
se results indicate that the pro- 
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back- 


However, 


posed mechanism of the beta 
ground effect is confirmed. 
the relation of the input threshold to 
the pulse-amplitude distribution has 
Pre- 


liminary studies indicate that the input 


not been firmly established. 
threshold not only fluctuates about an 
but this 


average as a function of pulse ampli- 


average value varies from 


tude or other, as vet unknown, factors. 


Discussion 

Before this study was undertaken, it 
had been predicted that an increase in 
alpha counting rate would be observed 


when this rate was determined in the 


the reproducibility of the alpha count- 


ing rate was observed when intense 
beta activity was also present in the 
chamber. Values of x2, a statistical 
quantity that measures the extent to 
which a series of measurements cluster 
about their expected value, were cal- 
determinations 


half-disk 


These values 


culated for replicate 


when only the alpha was 
present tn the chamber 
were consistently lower than those 
obtained for a similar series of counting 
determinations with beta activity also 
This faeton 
evaluation of the 


observed effect very difhicult 


exact 
the 


present. makes 


magnitude of 





it width’ 2 volts 


53,204 com 


Simpson 

/ counter 
Input 

e@ threshold 











naREe 
woo 


Second chamber 


0 24 26 32 3% 40 44 48 
105 Voltage ( volts) 


Nu! 








FIG. 7. Alpha pulse amplitude distribution for two chambers 


presence of intense, sub-tolerance beta 
activity. This prediction was based 
on consideration of the probability for 
coincident occurrence of small alpha 
and beta pulses. The coincident oc- 
currence of two such pulses, each of 
which would normally possess ampli- 
tudes below the input threshold, would 
alpha pulse 


result in an apparent 


magnitude sufficiently 
Be- 


cause of the random nature of these 


possessing a 
large to trigger the input circuit. 
ionizing events, alpha-beta pile-up 
pulses occur, but the resulting effect is 
masked by the greater effect reported 
here. Theoretical considerations, 
using the observed distribution of alpha 
pulse amplitudes for this 
and the 
min found for alpha pulses, 
~0.1% for the 


occurrence of alpha-beta pile-up pulses 


and beta 


chamber, resolving time of 
1 x 10°" 


led to an estimate of 


of sufficient amplitude to trigger the 
10° dpm of 


5 X 104 dpm of alpha ac- 


input circuit when 5 > 
beta 


tivity are present in the chamber. 


and 


Throughout the study, a decrease in 


To eliminate or minimize this reduc- 
tion in alpha counting rate caused by 
the presence of intense, sub-tolerance 
beta activities, at least three approaches 
First, the in- 
tensity of beta activity introduced into 
the 
possible for a given analysis, by redue- 


are at once evident. 


chamber can be reduced, when 
tion of sample aliquots or by separation 


techniques, Second, excellent possi- 
bilities are evident in chamber design 
modifications to vield a distribution of 
alpha pulse amplitudes with zero slope 
in the region of the input threshold 
the 


circuit to obtain increased pulse resolu 


Finally, modification of input 


tion offers a possibility. 


BIBLIOGRAPHY 


1. J. Simpson, Jr., Rev. Sei. Inatr. 18, 884 (1947 
2. S. Korff, R. Present, Phys. Rev. 66, 274 (1044 
3. M. Rose, W. Ramsey, Phys. Rev. 61, 504 (1942 
. G. Friedlander, J. Kennedys ‘Introduction 
to Radiochemistry" (John Wiley & 
Inc., New York, 1949) 
T. P. Kohman in “The Transuranium Ele 
ments,”" National Nuclear Energy 
IV-14B, p. 1655, G. T. Seaborg, J. J 
W. M. Manning, eds. (McGraw-Hill 
Co., Ine., New York, 1949) 
U. L. Upson, General Electric Co., 
work 


Sons 


deries 
Katz 
Book 


unpublished 


31 





Market for 


“Package” Nuclear Power 


SEO eR Re 


High-cost power areas may provide the first 
testing ground for power reactors. This analysis 
of domestic and military power costs shows a 
potential market at overseas military installations 


_ 
on 


fer ge ohh By 


“¥ 


By RICHARD W. EVERETT 
VUeGra H Depa tment of Economic 


THE HIGH CosT of development elopment by excessive cos and Hectrical capacity. compares 
field of atomic power has stimu isk The suggestion call ‘tional generating plants 
number of proposals lor 1 MI Zing nitia deve lopment of the atom berg and others have set the figure : 

private risk Most of the proposals mower industry through construction thout $500 per kw of capacity Hlow- 
require some degree of go ~ small ind relatively Inexpensive ever, the total cost of a reactor of 5,000 
financial participation, ran package’’ reactors. The cost of a kw about $2,500,000——would be well 
outright Federal construction mall reactor producing about 5,000 ky Within the reach of a large number ot 
direct subsidy through a guarar dof electricity would be low enough to — electrical utilities and other companies 


market for fissionable byproducts o illow private industry to invest. The nterested in the produ 


the reactors Federal government would be required tricit If a working 


The package plant propos { to provide access to necessal Informa built at this cost leve 
scribed by Alvin Weinberg (NU, No tion and amend the Atomic Energy no lack of investors wi 
"52 p. 31) is particularly interesting Act ictions that are necessary t 


or an investment that could 
because it attempts to eliminate the 


private deve lopment in the field repay itsell many times © 


need for government participation by The cost of package reactors would — ence and technologica 


removing the barrier set against private till be inordinatel\ high pel Kilowatt of fact, it seems lair to 





TABLE 1~— Production Costs of Diesel TABLE 2~-Cost of Electric Power to U. S. Armed Forces Overseas” 
Station of 7,500 kw 


Fuel (¢ gal 


Alaska Army 
Capital, at 15% | Air Fores 
Greenland Air Fores 
Maintenance, Guam Navy 
supplies, ete ‘ 3 ‘ Murope Arm) 
Okinawa Army 
Fuel , ri 3 Saudi Arabia Air Fores 
Philippine Islands Air Foree 


Potal source Departn ent of Defense 
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reactors to earn less than the normal 


6°, return on the grounds that experi- 
ence and probable discoveries during 
construction and operation constitute a 
potentially much greater return. 
Success of the proposal, howeve! 
depends on the discovery of locations 
at which the necessarily high-cost elec- 
tricity produced by expensive reactors 
he sold at 
not at a 


least 
the 


iu profit or at 


could 
loss NUCLEONICS, at 
suggestion of Weinberg, is investi- 
This article 


deals with opportunities in the United 


gating possible locations. 


States and areas under its jurisdiction; 
a future article will deal with foreign 


markets 


The Domestic Market 

Weinberg estimates that power could 
5,000-kw 
reactor for between 2!5 and 4 cents per 
kilowatt-hour. 
or near the same range, tending toward 
the figure. At 


nuclear power cannot compete at any 


be produced in a package 


Other estimates fall in 


higher these prices, 
of the current power plant sites in the 
United States. The suggested cost of 
is several times as great as the 
the United 


and the few instances in which 


powe I 


usual generating cost in 


States; 
power produced in the United States 
costs more can be explained on grounds 
allow no atomic 


which opening for 


power. In general, higher cost plants 


now operating are small on 


ancient, and modern plants of 5,000 kw 


very 


or more in the same locations could 
produce power for less than the cost of 
package nuclear powet 

Any potential markets 
are new remote from the locations 
Further- 


remote 


therefore, 
ones 
of present plants. 


they 


power! 


more must be relatively 


from potential hydroelectric power and 


from deposits of coal Hydroelectric 


power and power from = coal-burning 


steam plants can almost always be 


lata cost of less than 2.5 cents 


the 


deliveres 


per kwh unless either the coal o1 
power must be transported over long 
distances There are verv few places 
in the United States today in which 
generating costs are greater than even 
1.5 cents per kwh 

Under these circumstances, the cost 
tricity 
the 


operation of an atomic package plant, 


of el from diesel plants be- 


standard for profitable 


comes 
since diesels can be located any where 
that 
Diese 


an atomic plant ean be located. 
themselves high cost 
but the 


plants are 


ventional standards, 
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by con 


possibilities for atomic generation at 
the the 


location of remote 


costs estimated depend on 


demand being so 
that costs of transporting fuel oi] more 
than the 
advantage of the diesel plant 

In addition to 
possible market must demand 
An atomic plant 


overbalance capital cost 


being remote, any 
a firm 
flow of electricity 
must be operated at the highest pos- 
sible load faetor in order to minimize 
the burden of capital cost on each unit 
of output. At capital costs of $500 
per kw of capacity, for instance, and 
an annual capital charge of 15¢7;, a drop 
from 100°; plant use to 506, 
about 8.6 mills to the cost of each kwh 
Plant load 
factor is not nearly so important for 
the 
lower. At 


capital costs of $200, which is high for 


would add 


of electricity generated. 


conventional facilities because 


capital cost is so much 
conventional plants, the difference in 
capital cost per kwh between 100° 
and 50° 
3.4 mills. 

The requirement of firm demand for 


operation would be only 


power severely restricts the number of 


locations which can be considered, 
because it removes from consideration 
markets the 


sonal patterns of demand. 


with usual marked sea- 
Pumping 
stations in remote mines, perhaps com- 
with residential or = in- 


bined some 


dustrial demand, have been suggested 
as possibilities. 

With these considerations in mind, it 
likely that 
potential domestic market for 
tricity from package plants at the costs 
Weinberg. It is likely 


that the cost of generating electricity 


does not seem there is a 


elec- 
estimated by 


from a diesel plant of 5,000 kw or more 
would not exceed 2 cents per kwh any- 
the United 
tually certain that it would not get into 
the 


sidered 


where in States, and vir- 


more-than-2!'5 cent range con- 


possible for package atomic 
plants. 
Table 1 is 


costs tor a 


based on reasonable 


diesel plant 
the 


The plant would con- 


maximum 
located in a remote section of 
United States 
sist of three 2,500-kw diesel units cost- 
kilowatt 
designed to operate at 67°, of capacity. 
The 
Which is necessary for atomic package 
benefits the 


the relatively 


ing $160 per and would be 


requirement of high utilization 


also diese] 


generation, 
plant and accounts for 
low capital charges 

It is unlikely that diesel fuel in the 


quantities required would cost much 


if any more than 15 cents per gallon 
in the United States. Yet apparently 
he cheaper 
the 


diesel generation would 


than atomic generation even at 


unlikely fuel cost of 20 cents a gallon 
or even 25 cents 

I:xploitation of the domestic market 
thus is dependent either on government 
im- 


subsidization or on technological 


provements, especially to lower capital 


costs. It likely that these 


improvements will come in the develop- 


seecnis 


ment of larger reactors rather than in 


refinement of designs for small re- 


actors Which must inevitably be more 


expensive, 


The Military Market 


There remains the possibility 
there 
which the high cost of package reactors 


that 


may be a military market in 


can be justified. Remote air and naval 
bases consume amounts of power in the 
range that could be served with pack- 
age reactors. 

might be 


High-cost atomic 


justified at 


powell 
installa- 
Use of 


atomic power would save shipping in 


remote military 


tions on logistic grounds 


wartime, since little fuel would have 


to be shipped. It would also eliminate 
the possibility that shipments might 
be intercepted, which could be a real 
danger at distant bases in the Pacifie 
or in Greenland, 

In addition, use of atomic power at 


some remote bases can be justified 
solely on grounds of comparative costs. 
Power now produced aut these bases is 
The figures in 
Nuclear 


( oOrpes ol 


excessivels 
Table 2, 


Power Division of the Arnis 


CXPeNSi\ j 
provided by thre 
only tuel, mam- 


Engineers, include 


tenance supplies and services, with no 

allowance for capital costs. Yet many 

of them fall in the 2!'y 
While installation of 


under wa ut 


1 cent « itegory. 
more modern 


equipment (now some 


of these areas) would lower costs mate- 
rially, it is clear that atomic generation 
would be justified on the grounds of 
at a substantial number of 
The 
not 
the 


which 


cost alone 
overseas American installations 
fact that 
earn profit: or 


military reactors need 


pay taxes reduces 


cost disadvantage at 


capital 


nuclear power reactors must operate. 


The military market has an additional 
that its dey 


would not require changes in security 


advantage in elopment 


rules which, while they will certainly 
slow In 
—END 


33 


be made eventually, mav be 
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. imeter and 
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it- 


necessary because sodium 
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extremely hygroscopic; moisture re 
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ing with j 


forms an 
that greatly affects light output 

The sealed erystal is 
eoupled to the Vyeor window by 
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come with a scintillation-counter unit 


Because of its distinet pl ( . 
optical 
vantages, a scintillation type probe 
inter 
associated surface cireuity 
1] of sileone oil that has 
signed and burt tor mntere! 
ve . ’ of refraction close to that 


stal and Vyeor glass This 
of light from the 
lue to reflections at the interfa 
The erystal 
coupled to the face of a photomultiplier 
ivan Phe 
used, an RCA ce velopmental tvpe 
C-7ISIA,T has a 
photocathode that 


loyving e¢ 
Materia 


performances 


in existing field 


the Ak( 


Its superion 


Raw :' 
Ni ZesS [Oss 


supplemented by new mechani: enerye 
ment 
Fig. 1. 

Pour 
fulfilled in this design 

.. The 
have it 
2 in. 


=. | leetronn 


was to be fed through i 


The complete unit 


Cui using silicone ol 
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rms at <0 that it 


vould op 


Phe maximum diameter of this tube 


' . » lou rae | ) ( intere} inet 
ate the logging juipment ; tube 


: 1.527 In It is the 
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construction. 
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Stmnailest 
ably with existing G-M equipment 


3. The cable was to he 
Besides furnishing power to 


It was to transmit probe 


presently ay 
1,000 ft long ‘ 
cathode 


Chis tube requires from 600 to 1,000 


d-e divided among its dynodes 


to the surface, and, of 
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equipment was er 
iWValaAbie As 


from a standard 


incaster C-71I51A 


contain "ive 


pout OL 
npliner 


is built 


photomultiplier 
allected bb magnetic 


Inagnety hovel Con- 

3 dHeato » fit over the 
hye probe nu-metal strip 
0.005 in. thiek and le is wound 


the 


fin. wide 
t eViindrical mandrel of 
time diameter 
\ sufficient 


to build the 


is the pl otomultiplier. 


number of turns are used 


up to a thickness of 


0.050 in ssembly is spot 


together and then hvdrogen 


This produces a shield with 


Wall thickness, eliminating 


He thickness of the conven- 


ip weld 


biona 


Amplifier. Pulses from the photo- 


ire ampilhed and then fed 


impedance cable. It was 


hat the cable could best be 


a power pentode, using a 


mer lor impedance matching. 


SPOTINCr Wis spec tally designed 


applieation It serve to 
and is so 


LO) « 


mpedances electrically 
ined that Its response it vcles 


tremely poor The Secondary If 


nsformet coupled to the line 
O.1 pl capacitor, 
dividing 


100-cyvcle 


i Prequency 

so that 90% of the 
tae to power the probe appears 
the capacitor, vet in the pulse 


range there is little 


drop 
1 the capacitor 
the power pentode the 


| stage 
OAKG Wiis 


{ 


selected because of its 
filament drain and other adequate elec- 
haracteristics The 

oped by this 
meeting the minimum detectable 


level of 30 kev set by 


powe! (le- 
stuge is sufficient to 
the surface 
Po conserve standby power, the 
cut-off 


pulses at the grid The 


biased near requiring 


sensl- 
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Logging 


oint in the eireuit is 9 


is desired to secure 

n the voltage amplifier 
stage amplifier is used 
on of pulse polarities indi 
f positive pulses from 
lier tube. These can 
om the last dynode 
voltage gain of 45° 1s 


with a L2AT7 dual 


B-voltage supply. Full-wave recti 
t ‘ l i 100-evele center- 
dary transformer mantu- 
<pecifications is used to 

ve for the preampli- 

is a 12ZAL5 diode 

r its small physical S1Z6 

Although this 


used approximately 


ent drain 


s rated maximum inverse 

tests were conducted at 

ited value without am 

s used to smooth out 

ritave Stabilization ts 

Under full load eondi- 

210 volts at S ma with a O.O1G 


nt is obtaimed 


High-voltage supply. This circuit 


vave doubling svstem 

isformer designed to 

selenium recti- 

n. in diameter and 

e used because of then 
-ize and because, un 


no filament power 


litude of the photo 
tput pulse ts greatly cde- 
vie voltage, a corona- 

is used, regulating at 

This tube is small and 
egulation with currents ot 
50-100 wa. The design 
ipply is such that the 


will remain essentially 


pe SESLS5H 


pe QF771 
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Complete scintillation logging unit mounted in Jeep 


“The Colorado Plateau area in the western United States has evolved 
into one of the largest sources of uranium in the world. Nearly 200 
uranium mines are now in operation in the Plateau sandstones, producing 
from bodies of secondary ore that are sporadic in distribution and 
irregular in configuration. 


“Over a million feet of exploratory drilling is being undertaken each 


year in an effort to delineate these ore bodies. . . . This scintillation 
logging equipment should result in tremendous time saving, so important 
in our production efforts."’ 


R. S. Foote, Chief, Geophysical Section, Raw Materials, U.S. AEC 


GEIGER LOGGING 


COMPARISON of new scintillation unit with older Geiger units 


SCINTILLATION LOGGING 





RESOLUTION 


MECHANICAL 
EQUIPMENT 


Several G-M probes need- 
ed to cover 1,000-to-1 
range of gamma intensi- 
ties encountered. 


Length of sensitive volume 
of G-M tubes decreases 
space resolution, and ura- 
nium ores are frequently 
found in extremely narrow 
strata. 


LOGGING SPEED Speeds of 1-6 ft/min 


needed to obtain good 
statistical precision. Low 
counting rates required 
due to low efficiency, long 
recovery times (150-200 
usec) of counter. 


ORE Core drilling for ore spec- 
IDENTIFICATION imens necessary since 


G-M tube gives same size 
pulse regardless of energy 
of gamma ray. Core is 
sometimes lost. 


Requires 15-30 minutes to 
set up equipment with 
conventional apporatus. 


Single detecting unit will 
cover entire range of ac- 
tivities encountered. 


Nal crystal has high ab- 
sorption coefficient, is 
thus efficient detector of 
gamma rays. Small crystal 
can be used, allowing in- 
creased space resolution. 


Speed increased by factor 
of five: high counting rates 
possible since pulse dura- 
tion is 1-2 usec and scin- 
tillation counter exhibits 
no direct deadtime. 


Possible to obtain gamma 
spectra during logging 
since scintillation intensity 
is proportional to ab- 
sorbed energy of incident 
gamma ray. Lab tests indi- 
cate ore can be identified. 


Set-up time cut to 5 min- 
utes by mechanical design 
and arrangement: 
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Circuits of scintillation probe and logging unit 


Circuit of 400-cycle power supply 








FIG, 2. 
FIG. 3 














10% variation in 
RC filtering is used 
unimum amount ot ripple 
ed to the photomultiplier. 

ite a coupling capacitol 
the photomultiplier tube and 
oltage amplifier, the tap on 
ure divider at which the 
le resistor is connected, is 
By-passing from the posi- 
f the high-voltage power sup- 

= point is necessary. 
Filament supply. All tube filaments 
nected in series, and total re- 
ire 31.6 volts at 150 ma 
the energy dissipated in the 
minimum, a filament auto- 
s used rather than a series 
resistor. The transformet 
“i by the NYOO around a 
coil To minimize the 
e pick-up, the 12AT7 
he high-gain voltage amplifiet 


it the lowest a-c potential to 


Construction of probe. Figure 5 


tes the assembled probe ready 
serted in its stainless-steel 
vhich is 2 in. in diameter, 0.065 
thickness, and 2S'y in. long 
eals make this housing water- 
The subassemblies are fuast- 
gether by two threaded rods 
Opri ite spacers, \ solid 
tee] bullet nosepiece 3) in 
to attenuate head-on 

ing the unit a 4-to-1 

ain in the radial direction 
designed waterproof con- 

on the cable, screws into 

the housing and connects 

» the surface unit through 
1.000 ft of single-conductor double- 


| * 
hle 


Surface Unit 


\ nal from the cable is passed 
uulse transformer identical 
to the output transformer 
e probe \ series capacitor 
ised to discriminate between 
e power voltage and the 
Crystal diodes are used 

ut of this transformer to 
ershoot caused by differen- 
pulse in the transformers. 
lator in the grid circuit of 
implifier is used as a 
pulse-height discrimination 
nuation is increased only the 


ses will be capable ot trigger- 


Steel and Wire 
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= metal shield 
- - : 


Assembly 


Nal (TI) | 


a 
crystal~ Retoiner 


~—Photomuiltiplier tube Resistor divider 
potted in tube support 


FIG. 4. Detector assembly 


High-voltage Amplifier 
sUPPly—>7 section 


FIG. 5. Scintillation drill-hole probe 


FIG. 6. Control cubicle inJeep. 1, power panel; 2, motor control and odometer; 3, 


recorder; 4, surface unit; 5, 400-cycle power unit 
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the univibrator 
stage. It is thus pos 
integral pulse-height data | 
of this attenuator contro 
The signal from the atten 
6AK6 voltage amp 
The 


throug} in 


fed into a single 


fier having « gain of 10 output 
of this 


external 


amplifier is fed 
couxial cable 
univibrator stage It 

this jumper to remove a signa! 

into a pulse-height ana 
differential 
height analysis is desired 
The 


design 


for insertion 


lvzer if complete pulse 


univibrator is of conventional 


and operate Irom negative 


trigger pulses. The minimum tripping 
level is 0.75 volts 


level of 30) ke The 


which represents an 
Cnergy output 
from the univibrator is a 10-usec pulse 
ol 120 volts The 


“pPproxim ite 


idtime of 


10 pser 


total cle 
this cireuit is 
The unused plate ol the Inivibrator 
is fitted to an 
visual observation of the pulses 

A cathode-follower stage is inte! 


I} { 
OSCTLLOSCODE ICK Tol 


posed between the univibrator and the 


integrating circuit to avoid loading of 
the univibrator and to provide a low 
source impedance for feeding the inte 
grating The circuit is ar 


ranged so that the amount of 


ereurt 
{ harge 
integration circuit 


width The 


transferred to the 
is independent of pulse 
integration time constant is determined 
by means of a tap switeh which varie 
the value of the integrating resistor 
The 
stage is fed to the grid of a b 


voltage from the integrating 
ilanced 
stage having 


A d- 


of one milliampere is used to actuate 


bridge excep 


output 
tionally high stability current 
the indicating instrument: a resistance 
in series with this instrument provides 
a voltage drop sufficient to operate a 
recordet 


300 


10-mv = potentiometer-type 
Full seale ranges of 10, 30, 100 
1,000, 3,000 and 10,000 eps are pro 
vided with selectable time constants 
of approximately '5, 1, 2, 4, 8 and 
A power supply for this unit 
110-volt 


source provides the necessary 


16 sec. 


operating from a 60-cvele 
powel 


Volt 


age regulator tubes are used for circuits 


for operating the surface unit 


requiring such stabilization 
Power supply. 


of 100-cyele power are necessary to sup- 


Since only 12 watts 
ply power to the probe, it was deemed 


economical and convenient to 
design and build a 


operating from 110-volt 60-cycle power 


more 


power oscillator 


rather than resort to rectification, re- 
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FIG. 7. Typical radium gamma calibra- 
tion curve for scintillation probe. Correc- 
tion has been made for background. 
Sensitivity is set so that 500 cps obtained 
for 0.1 mr/hr 


WENN 
aes 9 
) / 


f / 
SOT 


FIG 8. Angular sensitivity in plane of axis 
of probe shows effect of the stainless-steel 
nosepiece. This effect improves space 
resolution of the log by discriminating in 
favor of radiation adjacent to probe 
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FIG. 9. Typical logging record obtained 
on the Colorado Plateau. Time constant 
of 2 seconds was used. Peak between 150 
and 160 feet depth was logged at higher 
rate to obtain better indication; these 
results are not shown 


duction to 2s-volt direct curret 
4 staundurd rotating 
motor-generator 

| oscillator 

phase-shift tvpe of 

6V6 buffer into 

AL, 


und to be smaller 


output 


pected to be essentia 


Mechanical Equipment 


Because of the success 
{ the scintillation pre 
(i tests, it Was 
designed = ser 
The 
together with 


units 
boom and ills 

is installed in 
station wagon lover 

neluded in the design to f 
he logging operation 


ze | 


va 110) 220-volt 60- 
mounted in front of the 
This 
driven from a front power take-off that 

- engaged through a special geal 


A go 


constant 


generatol 


le’s radiator. generator Is 


to the engine ernor is used 


maintain engine speed 
when the generator is in use 

The steel cable is wound on a po 
ven drum capable of lower 


ut speeds up 


sing the probe 
un. Sufficient torque is pro 
‘xert a pull of 150 Ib on the cabl 
level wind arrangement on this reel 
rund 


Insures even wrap ot the cable are 


the drum The cable then passes from 
the drum, under the operator's seut, to 
a telescoping boom that enables the 
operator to line up the probe with the 
drill hole 270 

2 ft 


degrees and a radial adjustment of 2 


through an angle ot 


Locks are provided to fix the boom in 
\ pulley at 
boom the cable 
the length of cable plaved out 


position the base of the 
menusures 
Phis 


venerator that 


driven by 
pulley drives a Selsvn 
this 
motors to drive an odometer dia! 
chart Over and 


transmits Information to Selsvn 
and 
the recorder drive 
switches are pro- 
operation The 


the Jeep 


under tension limit 


vided for safety of 


boom can be SWung ove! 


and clamped to the roof during 


transportation. 
The cubical in the rear of the Jeep 
and controls 


containing the circuitry 


is Shown in Fig. 6. Besides the surface 
and the 400-cycle 


contains a power panel 


unit power unit, it 
motor control 


and odomete! and “a ret order. 
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OH0-cycle 
ided 


breakers 


Power panel. A 


breaker Is proy 


isan 


hres branch 
circuitry, the 
outlets 


trom 
ind utility 
Irequency meter are 
Ing generator speed 
is of the saturated- 
ither controls are 
Motor control and odometer. ‘The 


tor for the reei is a gearhead 
motor having a flat speed 
cteristi The field for 
supplied through a 
directly from the 
ne Speed control 


Radio 


feed- 


using a General 
riable transformer 
m rectifiers to supply direct 
armature. Pushbutton 
i reversing contactor with 
locking maintains the motor 
desired direction, 
switch 


n the 
remote transters 
t hand-held two-position 
pushbutton switch at the 


it cable The motor can 
ited trom outside the Jeep 
idjustment of the boom 
do hole and 


to the 


positioning 
zero or reterence 
mounted on the front 


by a Selsvn motor 
with the odometer-drive 
mounted at the base 
Two of the three phases 
motor are opened by a 
idjustment of the 
The register indicates 
Pa loot 
A standard 10-my 


eTtronee strip-cl 


Recorder. srown 
it recorder has been 
chart 


fied so that the drive is 


Pitchblende 


—— 


FIG. 10. 
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Brozilian monazite 


Irom t Vi motor also 


obtained 
=vnehronized odometer-drive 
The hist Is irranged = to 


traverse for 10 


SeIsV 


it of probe travel 


Operating Characteristics 

Figure 7 is a calibration curve for the 
probe taken with radium gamma radia- 
The data, cor 


ground, shows i mneal 


tion, rected for back- 
relationship 
between mr, hi ints per second 
of the instru 
this 
so that 500 cps are 


ovel the operat ne 
ment The sensitivit ol 
lias by 


| 


obtaimed tor mil r dosage 


range 
instru- 
ment 
full seale « therefore 
O.00L mr hr to mars dit 

The effect of tainless-steel nose 
piece on the sp | sensitivity of the 
probe in a plane rallel to its axis can 
be seen in Fig. S Phe sensitivity is 
approximate! four times greater at 
right angles to the probe axis than it is 
on the this effect dis- 


ition from direc 


uXIS In use 
criminates against rad 
tions other thar 
this 
the log 

The 


speed resolves itself mto 


went to the probe 
lmproves the pace resolution of 
problem of proper seanning 
first, a cle 
termination of a suitable time constant 
such that the statistical 


to the counting rate at any 


Varnition cue 
one pom#t 
in the log is within the desired pre- 
second, the selection of a 


that the 


cision and, 


logging speed such rate of 


change of the activity is small com 
pared to the 


this 


selected time constant 


premise it is obvious 


Based on 
that no optimum scanning rate can be 
specified for all conditions 

For lithological 


ground, 


data in barren 


the average counting rate will 


be relatively small requiring longer 


time constants for a given precision 


Pulse-height spectra from ores and isotope sources 


Cobait=-60 


Consequently slower logging speeds are 
HECESSALY In ore, the count rate 


will be considerably hig iking it 


possible to utilize muel orter time 
peeds 


constants and taster logy 


| tilizing the scint oy counter, 
litholog 


upto loor 20 tt 


sutistuctory been 


i oy ive 
obtained at rates min, 


In ore, usable logs have been obtained 


(4) ft) mun, 
As an average | covering both 
lithology noed of 
from 20 30 ft found 
to be a \ typical 


log obtained in the ¢ 


at logging rates ; whos 


and ores 
hin 


wood compron 


egion is shown in Fy 
Ore 


nized at an earlier stage 


identification. recog 
lity to 
analyze the radioactive material in the 


hole by menns ob a wenergy 
ible 


nspection 


test 


sensitive device would m 
to eliminate coring Vi 
of the pulse height pectrum m 
borings by means of rrered-sweep 


fst illograph revealed PTE Tay 
spectrum difference ould be clearly 
distinguished 

Laboratory that the 


ently good 


test- 
ed ithe 


pecetra « cditterent 


mndieanted 
resolution obsery 
to identify. the iIso- 
topes Figure LO show expectively, 
the spectra of pitelhblende ntaiming 


uranium and radium, Brazilian mon- 


azite contamimge thoriui ind cali- 
rtitve ote pes 


\\ here 


brating spectra of the 
of cobalt-60 and ce 
several oscillogram ppear on 


figure, the exposure been 


that both the trong 


lines of the 


varied so and 


weuk poet ln 


observed 

The mechanical and elect ! lesign and 
installation of the 
done by Bogue le i i 


pect calions and 7 


Jeep was 


1kC 


Cesium ~-137 





Production of Nuclear Fuels 
by Induced Radioactive Chains 


Careful balance is necessary among recovery efficiency, reactor power level, and 


exposure time for large-scale production of decay-product isotopes. 


These production 


problems are discussed, with quantitative application to Pu-239 and U-233 


By LOUIS GOLD 


Lincoln Laboratory 
Massachusetts Inatitute of T'echnoloay 


Cambridge, Massachusett 


LARGE-SCALE PRODUCTION of artificial 
isotopes that result from a radioactive 
chain induced by neutron irradiation in 
a reactor is a complex undertaking 
Proper choice of operating conditions 
requires detailed analysis of the perti 
nent reaction kinetics, 

The detailed 
here for the production of large quan 
Pu?% 


facilitated by the happy cir« 


consider ition given 


tities of and | is greatly 
umstance 
of the relative magnitudes of the decay 
involved; 


constants in the reactions 


production of other substances may 
require involved computational effort 

As will be shown, it is fairly certain 
that for production of l-kg quantities 
of Pu®®® and U2, 


not much more than 200 and 32 Mw 


reactor powe! ley el 


respectively, are called for in’ the 


feed | 


irradiation of materials in the 
reactor, 

Another important factor that pre 
which 


seribes the over-all time must 


elapse prior to actual chemical separa 


tion of the final product is the ultimate 


recovery efficiency required; excessive 
aging times to allow radioactive decay 
of intermediate nuclides are needed for 
recovery efficiencies greater than 99% 


Because the conversion Np 


40 


Pu 1s 


it appears 


more rapid than Pa »U 
that 
fuel 


rapid stoek-piling of 


nuclear calls for irradiation of 
natural uranium rather than thorium 
until some future time when uranium 


upplies may become depleted. 


Reaction Kinetics 


One can show that for the induced 
radioactive chain 
k 


Ir > ry 


where x is the progenitor ol radioactive 
offspring a, and xe, which have decay 
constants A; and As, the quantities ol 


the newly formed members are given by 


where ky is the initial transmutation 


rate, which is assumed to be invariant 
during the course of the irradiation 


of ky 


tained by us ng excessively large quan- 


rhe constaney may be main- 
tities of x to produce high dilutions of 
rs, or by replenishing z in continuous 
fashion (as may be done if x takes the 


form of a eireulating fluid). A fixed 


rate of conversion of the parent implies 
1 constant power level of operation. 

is the stable 
Isotope ulti- 
Then 
the potential total 


The end product, z 
or at least quasi-stable 
mately to be isolated Trom 
qs. 1, 2 


of vield at any time is 


and 3 


quantity 


vield and the 


irious daugh- 


Determination of this 


relative amounts of the 
ters during the course of exposure may 
be done for certain defined systems 

For the production of Pu?®® and U? 
the calculation is simplified since, for 
A, >A». Thusr 


reasonable values of ¢ 


these two cases 
2, S43 lor 
there is little 


pomt mm considering 


operating times less than 24 hr), and 


6 
Application to U*’’, Pu>*’ 
Thorium is transformed into U! 


cording to the reactions (/ 


> into Pu? fol- 
Table 1 
the two 


The conversion of 
lows a course similar to this. 
shows the decay constants 1¢ 
processes and the half-lives from which 
the decay 

In both 
beta 
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constants are calculated. 
half-life of the 


considerably 


cases the 


second decay Is 
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Breeding Factor (iog %) 
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FIG 


in that of the first beta decay, 
constant of the second 
much smaller than that of the 
both Pu®®* and U* 
the hold-up is in the last 
the 


severe for U2, 


decay 


is [or 


stage, with situation 
hold-up in reaching the ultimate 
ulation of the final product may 
the 


is evident that 


by taking 
X and 6 it 


ratio ®o/2X3. 
»ranges from 2 to 0 as ¢t goes 
x The breeding 


ind Np Pw 


ratios 


’ throughout 


ition period can be estimated 


nee evident that the aeceler- 


luetion of nuclear fuels is 


ippreciable hold-up and 
best one can hope for Is a 
least 

For 
period 
?): for Pu?® 
amounts to 

it Is 


reaction time at 


to an aging period 
sion, this 


= 6.63 half-lives 


nyving 


some 


IS2 davs 





TABLE 1~—-Constents for Pu-239 and 
U-233 Production 


1.81 1S] 
0 O126 0. OOL06 
23 23 m 


ao Th 
2.3d 27.4d 
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Breeding factors during irradiation period 


Thus there is a practical limit to the 
rate of production of these fissionable 


makes further exten- 


powell ley el ol 


materials which 


sion of the operation 
needless. 

Figure 2 shows the available yields 
of Pu**’ for selected intervals of reactor 
operation at diverse levels of operation. 
Since $f may 


in general, } kot, Eq 
be reduced to 


Yi t+ Tet Zs kot ( 


7) 
which has been used for the calculation. 
The power level of the reactor for con- 
feed 


verting ky atoms of the material 


each second into the isotope one mass 
number higher is 3.2 * 10°"k 
the 


Mev pet 


watts, 
200 


and a neutron 


where conventional value of 
fission of [ 
multiplication factor greater than unity 
have been assumed 

Thus for the Oak Ridge reactor 


at 2.000 kw, / 


run- 
1Q'6 


will 


is about 6 & 
means that it 
take at least a vear to produce | kg of 
Put? 
time is required since Np 
0.01 (Fig. | 


For low 


ning 
atoms sec, which 
comparatively little or no aging 
Pu? ’ 

neutron absorption, it is 
usual to make the 
k oa.\ 
flux 


tion U2 ny | 


approximation 
the 


o is the cross section for the reac- 


where © 1s neutron 


’ and N is the number 
* atoms exposed For a flux of 
the ay 
reactor 
10-74 em 


“n em*/sec erage flux of the 


tidge and a value of 


i simple caleula- 


tion shows that there are about 3 
oe U 


Although the notation of Fig. 2 has 


238 atoms (16 tons) in the reactor. 


been specified for Pu? 2 the figure Is 


virtually the same for U? The over- 
all time is, of course, markedly different 
for the latter. 


use of Fig. 2 in conjunction with Fig. 1, 


It is essential to make 


which implies the aging requirements 
Use of the Oak 
produce kilogram quantities of 


reactor to 
Pu’ 
is limited by the high loss of vield that 

the 
factor 
fission of the product itself 


Ridge 


high cone 
the 


To sup 


results from relatively 


eentration which favors 


press loss of Pu®**, it is necessary to 
assure adequate dilution by ineorpo- 
rating excessive amounts of feed mate- 
rial. It that a 
involving continuous removal of 


scheme 


the 


would seem 
product as it is formed could be devised 
to eliminate this limitation 

To get a total accumulation of | kg 
of Pu®® per month requires a reactor 
of about 30 Mw. Before the 


+) 


sample would contain | gm of Np , SO 


aging 


an additional wait of 15 days before 
chemical treatment would be required 
for 99.9% i. 6A 
\lw 
creates a potential supply of 1 kg of 
this 


the unaged 


reclamation of Pu 


reactor operating at about LOO 


about it week In 


5Oo of 


Put? in 
instance, almost 
product is Np?*? 
storage period is needed for a recovery 
level of 99.9%. 

Thus, 


augmenting the operating power ol the 


and an even greater 


intensifving the irradiation by 


reactor, although it leads to a reduction 
of the breeding time, results in progres- 
sively larger aging intervals, the mag- 
nitude of which depend on the recovers 


efficiency desired 


Release Time and Hold-Up 


An important factor in the resultant 
over-all time which precedes the actual 
chemical processing and separating of 
the metal is the precise level required 
The 
problem is the 


efficiencs inter- 
this 


quantitative description of the inter- 


ol the recovery 
esting aspect ol 
action of the conflicting elements of 


efficiency and speed of re 
the fol- 


of turning 


recovery 


leasing reacted uranium for 
low-up stages in the process 
out metallic plutonium 
Suppose that after an irradiation of 
duration ¢, the amount of intermediate 


daughter, Np?*? or Pa is 


r (ko/X2) (1 
Is to be 


Then, if the recovery efficiency 
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nthesis of 1 ind 
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' le 2) I } pertinent data 1 
@. L ee | ) 


Yield Level After Aging (gm) 
ro) 


first four columns require no parti 


® comment at this point since refe 


been made to these in the fe 
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l= day irradiotion 99.9%, 99.0%, and 90% Results for 
\- week irradiation other recovery efficiencies may readily 
1-month irradiation be obtained by graphical means 

1- year irradiation Release time and power. The 


| most striking point shown in Table 2 


° 























io'* 10'* io'® 102° is the fact that the release period 
Uranium Conversion Rate (atoms/sec) precipitously transforms from a hig 
ver-sensitive quantit to one \ 











FIG. 2. Yield level of plutonium as a function of conversion rate of uranium ‘latively invariant hows 
the release period Inc ludi ! adiation 
and aging time) ¢ 

Pus? the threshol 


about 200 


eforn vield level / iving © orang he term nis the appropl 
time, ¢,, required can be found from tl ion factor from the relation P 


decay relation ni un equivalent CXpPressl be the lower limit 


such quantities 
PO " 1uel Smaller vields ire compatible 


r. | Nana wer powel \ rough rule of 

The solution of this i . t] appears to be a threshold power 

\ useful index of the retardation proportional to yield level. Use of 

G . log mposed by a prescribed recovery eit higher power levels results in con ira- 
Xe log ¢ encey is the ratio ¢, ¢,, whi , i little saving of time 


termed the hold-up factor Another me interesting comparisons 


significant parameter is the over-all e made bv noting the variation 
be written more 


This result may 


yeniently in tere r P time elapsed before the feed material release period for | productio 
ne 1 terms of reactor 


ready for actual separation of the shown in Fig. 3; whereas the thresho 
where, in general, as I 
desired product rhis quantity, called vr Pu®8® was some 200 Mw. for 1 it 


the release time, ¢,, is is only about 32 Mw For Pu*** the 





TABLE 2. Parameters for Pu-239 and U-233 Production for 1-kg Yields 


Hold p facto 
Irradiation ( ( on 7 ireedina / t. t 
time, ty 


jé ficien 


hy e \ G9 0) 


Reaction: U** 
24 
iS 
1GS (week 
720 (month 
2.400 2.03 > ( 0.0384 
8,760 (year : ) 0.0001 


Reaction: Th 

168 » . g 3 6.440 4.270 2.090 6,608 38 2.958 

240 : . i 6,415 4,230 2,060 6,655 4,470 2,300 

720 x | ; ; 6,L80 4,010 1.835 6.900 4.730 2 
2,400 d . ) yr 5,550 3,395 1,216 7.950 5,795 


8.760 a > ) 2 1415 2.248 ou 13,175 11,008 
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FIG. 3. Release period before chemical separation as a function of reactor power 
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Role of recovery efficiency in prescribing release period for potential yield of 1 kg 























FIG. 4. 


H40 to 
275 hr for a recovery efficiency varia- 
tion of 99.9 to 90%, U3 the 
release interval is 6,900 to 2,555 hr for 
the effi- 
ciency. These figures are to be taken 


release interval ranges from dependence, it is convenient to rewrite | in suitable 


iq. 11 in the 


arriving at compromise 


form arrangements for production rates, 


and for quantities of yield, and by produet 
12) reclamation of fission wastes. 


Hold-up factor and power. The 
relative amount of 


same variation of recovery 


where 
time spent in ir- 
as nominal operating conditions for radiating the feed material, compared 


these nuclear fuels. Regardless of the to the aging period, at various power 
5 for different 
The hold-up fae- 


tor is seen to be linearly related to the 


power level of operation, the conversion levels is shown in Fig 


of ordinary thorium to the fissionable Any 
U233 is 


process 


recovery efficiencies 
Thus, 
plot of t, vs log (1 € 


slower 
Pu? 


inherently a much 


than the 


for constant vield and power, a 


synthesis of should be linear power, within the desirable confines of 


from natural uranium. 
Release time and recovery effi- 
ciency. this 
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For an examination of 


with slope — 1/X, log e and intercept A. 
Figure 4 shows that this is indeed the 
These graphs should be helpful 


c“use,. 


operation above the threshold regions 
previously described. 


From Eqs. 8 and 9, the hold-up 
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factor can be written in 


t, ty aP } log [bP | 


where 
I 
nyr2» log e’ 


Thus, for large values of P? 
&/t, = aP, the 
straight lines in Fig. 5 


slopes 


and 


are Lo ny 


the 


\ 


borin 


log ¢ 


Hold-up factor and recovery effi- 


ciency. 
hold-up factors in terms of 


aa 


The general behavior 


of the 


intions 


of recovery efficiency is shown in Fig. 6 
for three different irradiation periods 


For Pu 


tion of recovery 


’ the hold-up factor as a tunc- 
efficiency rapidly 


becomes insignificant for irradiation 


times between | week and | month; for 
{ the reduction to negligible values 
oecurs for irradiation periods of about 
1 veal 

lines 


the 


the straight 


apparent i 


Che character of 
of Fig. 6 becomes 
hold up factor is written as 


t,/ty 1 log (1 


Effect of recovery efficiency on hold-up factor for yield of 1 kg within indicated irradiation period 


where 


A | log 
nur 


Thus it is immediately evident that the 


SLOpes become steepel lor the abbre- 


lated exposure times, |. e., at greate! 


reactor power levels 
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Handling Multicurie 
Reactor Products 


i PROBLEM of temporary storage of spent 
uranium fuel slugs from the Oak Ridge graphite- 
uranium reactor is solved by keeping them = in 
buckets in a water-filled canal beneath the reactor 
The water provides sufficient shielding against the 
activity of the slugs. Contaminated equipment is 

so stored in the canal. Slugs are later removed 
and transferred to another building for chemical 
extraction of fission products. An electric chain 
hoist on an overhead track is used to move heavy 


loads in the canal 


SPENT FUEL SLUGS from reactor are kept in underwater 
buckets. Health-physicist is checking radioactivity level 


DANGErF 
0 


‘a 


WATER-FILLED CANAL into which radioactive slugs fall when LONG TONGS are used to remove uranium slugs from under- 
ejected from reactor. Water depth ranges from 9 to 20 ft water bucket for loading into shielded transfer container 
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FIG. 1. 


Isodose recorder and associated equipment 


SOO 














FIG. 2. 





Schematic drawing of isodose recorder 


A Simplified Automatic 


This low-cost isodose recorder has proved reliable for y-ray therapy studies 


after one year's operation. 


The recorder, which can be applied to full-scattering 


mediums, has a maximum sensitivity of 3 r/hr with an error of 5% 


By A. COLE, E. B. MOORE, 
and R. J. SHALEK 

VW. D. Anderson Ho pita 
University of Tera 


Houston, Teras 


IN GAMMA-RAY THERAPY 
figurations of radium or 


sources are often used 


retical determination 
equal dose is slow and often diffi 


The 


these surfaces by 


experimental determination 


ionization chamber 
time 


the 


likewise consuming 


methods is 


and subject to error u chamber 
he considered 1 po nt 


1). 
An automatic isodose reeorder, em 


volume cannot 


approximation 


plovying a scintillation counter with 


small detecting ervstal, has been 
described by Hine, Berman, and Elkind 


similar in 


(2). isodose recorder cle eribed 


here is some aspects but 


46 


both mechanical and elee 


Cl ibodies 
trical simplifications In addition 


simplified method allows 


measurements in roentgens in a full 


cattering medium 
Description 
The 


Sou 


Fig. | 
shaft of 


recordet! Is shown In 


rees are mounted on the 
recording turntable 15 em in radius 
at } Beneath 
the turntable, the scintillation probe, 
vstal at 


which is rotated irpm 


with a small e the end of a 


ight-pipe extension, can be moved 


racially by it drive SCTEeW 44 In 


diametet Lyo-in. = pitch which is 

coupled to the Brown motor through a 

lip elutch 
When the 


the 


Fig. 2). 


instrument ts lor an 


sodose ervstal is driven toward 
the sources if the measured dose rate 
tends below the preset level and away 


from the sources when it tends above 


the 


curate 


level. A linkage 
between the probe and a stylus, which 
the 


accurate 


the direct 


preset 


is udjusted to le directly above 


stul position, assures an 


movements on the 
Thus 


table rotates, a particular isodose curve 


of these 


recording 
coordinate paper us the turn- 
the axis of 

Different 
the vertical ad- 
of the turntable shaft The 


can then be 


In & plane perpendiculat to 
rotation Is traced (Fig. 3 

planes are selected by 
justment 
Surtees 


complete tsodose 


constructed from a set of planar isodose 


curves 


Operation 
\ semispherical anthracene erystal, 
1.5 mm in radius, is used as the detect- 


element It is mounted with the 


Ing 
facing the phototube at 


plane surface 


the end of a polished aluminum light 
rhis 20> em 


3-mm inside diameter 


aluminum tube 


pipe 


l-mm wall 
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lone 





























FIG. 3 


lsodose tracings. 


Left, 10-mg Ra source; right, gynecological Ra applicator. 


tungsten screening; values in parentheses are calculated 


lsodose Recorder 


light to a 1TP2S 


selected for high 


ransmits 

er tube 

d low dark current. 

ited anode current, which 
i measure of the gamma-ray 
t the position of the crystal, 
RRR 
and C, serve to 
The 
ttl rough Rs is opposed by 
the 


the com- 


igh the resistor 


! R 


nsient 


Variations. 


irrent) from isodose 
ince network, 
drop being fed to the 
and thence to the 
vhich moves the seintil- 
i stvlus 
the small dark current Is 
the selected 


potentiometer R, 


pendently of 
ent py 
if the input voltage of the 
fier determines the direc- 

of the 


Brown motor. 


the anode current (dose 
e the selected opposing 
otor will turn in a direc- 
move the ervstal away 
es; as the anode current 

the fixed current, the motor 

the reverse direction and 

the ervstal closer to the sources 


As the sources rotate, the crystal Is 
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maintained in a position of constant 


dose rate. The measured anode cur- 
monitored by the 
de- 
is adjusted by 
the 
practical 


rent is constantly 


galvanometer (0.25 ua full-scale 
flection 


changing 


Sensitivity 
the voltage applied to 
photomultiplier maximum 
being 25 ! hu 


that 


full-scale sensitivity 


The minimum dose rate can be 
traced as an isodose curve is 3 r hr. 
Calibration. ‘The 


tion Is In air at 


primary calibra- 


various distances on 
the basis of caleulated dose rates from 
10-mg source, <A 


stundard is a 


a standard radium 


convenient secondar 
] 


l-mg radium needle mounted in a 


Lucite cap that slips over the end of the 
probe and holds the needle in a fixed 


geometry relative to the erystal (Fig 


3). Such a source can provide 25 r/hi 
at the point of the er 
Detector size. Aw 


used considered Pe 


stal 

stal of the size 
here can be point 
approximation up to tl oem trom 
a 1.5-em linear lixperiment 
that the 
when compared to the calculated dose 
this dis- 


The point-approximation error 


source 


shows measured intensity, 


¢ 


rate, is only 3% in error at 


tance 


becomes increasingly larger at closer 


distances. However, the probe posi- 


Asymmetry of applicator curves is caused by 


tion cannot be determined within O.1 


mm. Hence, the error in mechanical 


positioning is comparable to the error 
introduced by ervstal volume, and one 
cannot be separated from the other 


experimentally. Therefore, there is no 


using «a erystal smaller 


with this unit 


advantage in 
than about 0.005 em 
Light pipe. The 


radiation striking the photocathode of 


error eaused by 
the photomultiplier tube is reduced to 
a few per cent by separation of radiator 
with the 20-em light-pipe 
A small lead shield 
further reduce this errot 
A Lucite-rod light) pipe 
errors sometimes than 4% 


to seintillations of the Lucite itself \ 


and tube 


extension would 
introduced 
larger due 
tube 200 em 
the 


well polished aluminum 
st 35% of 
gainst 07°) for a 
\Iac Beth- 


completely 


long transmits at be 
incident-light flux as a 
Lucite rod 


Ansco 


removes 


measured on a 
densitometer but 


the rod. seintillation 


the 


eCTrTrotr 
opty al 
the rela- 


In addition number of 
interfaces is reduced so that 
tive effigency may be somewhat 
better than this figure 

Backing the 
powder to provide a 


the 


with MgO 
diffuse reflector 
efficiency An 
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ervstal 


again INCTCHSECS 





Probe unit 


# resistors = 300keach 


HV supply 
500-!,500 volts 






































Calibrator 


Lucite 








Img 





Input ml 























FIG. 4. 


aluminum light pipe used this way will 
have one half the efficiency of Lucite 
without the MgO backing 
Current vs energy absorbed. Hop 
kins has shown that the amplitude of 
the light pulse emitted by an anthracene 
crystal that totally stops an electron is 
strictly proportional to electron energy 
for 0.125-3.2 Mev 
portional below 0.125 Mey 


fairly pro- 


All but a 


and 


small percentage of the initial distribu- 


tion of the Compton electrons from 
Co and than 
0.125 Mev (3) 


Since the anode current of 


radium are greater 
a“ photo- 
multiplier is proportional to the inei- 
dent light flux, it is apparent that the 
integrated anode current is a measure 
of the total energy absorbed from the 
electrons by the crystal. This energy 
will be proportional to roentgens if the 
photon absorption of the erystal corre 
The 


tionality of anode current to roentgens 


sponds to that of an propor- 


has been shown to be true providing 
airlike for the 
energies measured (4, 4 

Crystal material. 


around 


the crystal is photon 
Meaningful 
measurements gamma-ray 
sources in water phantoms require that 
the crystal be airlike over the range of 
ganima-ray energies present Jet ween 
0.12 3.2-Mev 
anthracene is airlike to 
(6, 7), so that it is perfectly 


and photon energies 
within 2¢ 


suited to 
phan 


LaMmma-ray mesasurements in 
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Details of probe unit and isodose selector 


When 


within 10 em ol gamma sources ip al 


toms work is restricted to 


the wavelength does not vary appre- 


Clably, and a nonairlike crystal of 


higher sensitivity (thallium-activated 
KI) may be used to advantage 

Cap material and thickness. I:lec- 
tronic equilibrium must be effected if 
the crystal is to give an output always 
proportional to roentgens, @.g., as In an 


ionization chamber the number of 
secondary electrons entering the active 
volume must equal the number leaving 
cobalt 


is approximately 


For radium and ravs, 
this 


when the 


varia 
condition met 
erystal is imbedded in a 
material with atomic number between 
7 and 13 and of thickness equal to the 
the secondary electrons (8 

a MgQO reflector and 


an aluminum cap of 1.5-mm thickness 


range ol 
Hence, the use of 


ean be expected to give favorable 
results. 
with an an- 


this 


Cureful measurements 


thracene crystal used in mannet 
agree with air-wall ionization chambet 
measurements within the experimental! 
accuracy around Ra and Co sources 
in alr and in water. 

Linearity and stability. The inte- 
grated current of the scintillation probe 
has been found to be proportional to 
the dose rate over the entire intensity 
range measured. If the phototube is 
up” for several 


drift 


“warm 
dark-current 


allowed to 


hours the and 


Ro needle 


Brown 


Anth 


MgO 


amplifier 


ee 


Brown motor 


r/hr 
1O rpm 


Galvanometer| 
0.25mo FSD! 


SS" 


sensitivity are negligible 


Photomultipliet 


change ot 
fatigue Is not evi- 


denced because of the small currents 
less than 0.5 wa \ 


from 500 to 


drawn from tt 


well regulated voltage ot 
1.500 volts should he supplied to the 


tube There is an optimum position 


of the gain control of the Brown ampli- 


fier for each isodose level recorded 


which is sufficient to allow accurate 


tracking, but low enough to prevent 


oscillation of the eryvstal about the 


intended curve 
Because of the simplicity ot the 


recorder, the initial and maintenance 


costs are small. Over a period ot one 


vear of operation, the instrument has 
proved to be an eusily used and relinble 
and with moderate experi- 


short 


pertorme! 


ence one can In a time record 


complete isodose curves that are less 


than 5% In error 
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Design of Extended-Source 
Scintillation Detectors 


A light-collecting cylinder, interposed between the phosphor and a 1P21 photomulti- 


plier, reduces survey time with the scintillation detector by one half. 


For 


best results, the product of the detector’s counting rate and sensitive area must 


be maximized by choosing the correct cylinder length and diameter 


By J. D. GRAVES* and R. H. DAVIS 


Defense Lahorator 7] 


IXED-POSITION instruments used 
to detect the 


For } 
lowest possible level of 


radiation coming from an extended 


rea, the detector should be designed 


the greatest sensitivity, e. 


imum counting rate. However, 


survey instruments, a design that 
zes the survey time is desired 


this design does not necessarily pro- 


We have 


determine the 


iximum sensitivity. 


duce m 
ittempted to design 
or instruments used in ex- 
ource measurements, 

na preliminary report (7). 
ough photomultiplier tubes with 
ureas, e. g., the 
RCA BS-201, 


oved detection of tonizing radia- 


light-sensitive 


5S19) and have 


extended sources, the prob- 
obtain maximum 


» field of view of the 
\DDRESS Naval Research 


Ll. ¢ 


niversit ol 


ishington 25 


PRESENT ADDRESS Cali 


Berkeley, Calif 
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San | rancine 


RCA 5819, Bell (2 


Lucite cone 6 in 


used a trunented 
long to conduct light 
from scintillations at the base to a 
1.5-in.-diameter photosensitive cathode 
at the top. The 
3 in. in diameter and the top was 1.5 in. 
This 


S ‘ 
IO” 


base of the cone was 
in diameter, arrangement re- 
sulted in a decrease in pulse 
heights. A similar scheme was used at 
Chalk River Laborators 
a cone with a phosphor coating on the 
Here, too, a 50% 
With a 


stem was unusable 
these 


1). employ ing 


2-in.-diameter base 


loss was reported S-In.- 
diameter base, thes) 

In neither of eases was it 
reported whether or not any attempt 
had been made to determine the condi- 
best 


tions giving the performance of 


the svstem 


Design Principle 
If a number of counts NV is considered 


to give a significant indica 


NeECESSALS y 


tion, and if a detector of sensitive area 
a has a counting rate C when placed in 
uniform, extended 


then the 


position on a flat 


radioactive source of aren A 


time 7 required to surve 


expressed as 
T 


Therefore, since 7’ is minimum when 


(CX ais maximum, it ts desirable to 


obtain the largest possible ilue for 


C & ain the design of survey counters, 
If the counting rate were simply pro- 
portional to the sensitive area, then the 
design for maximum sensitivity would 
coincide with that for minimum survey 
time, since it would be desirable to 

Hlowever, 

ittempt to 
intilla- 


accompanied by a 


maximize C in both cases 


it usually happens that any 


increase the sensitive aren of sé 


tion counters is 


decrease in counting rate per unit 


sensitive area, so that the counting rate 


is not simply proportional to sensitive 


area Consequently, both total count- 


ing rate and sensitive aren must be 


considered in the design of survey 


counters 
When a photomultiplier views a flat, 


uniform, extended scintillation source, 


<cintillations 


ay 


the pulses produced b 





uree 


from various points on the 
in size, Consequently all elements of 


the source are not equally effective in 


producing counts, A definition — of 


sensitive area, a, which will determing 


to what extent the le ensitive 


tions of the scintillation source may be 

used, is therefore necessary 
The sensitive area may be defined 

that area by which the maximur 

ing rate per unit seintillation area must 

be multiplied to give the total counting 

Then the 


sensitive 


rate, contribution to the 


nren element da of an ele 


ment of source area, dA 


dA 2 


da a/ a 


where oa is the counting rate per unit 


area due to an element of seintillation 
source area: a» is the counting rate per 
unit area due to the element of scintilla 
produces the 


Hence the 


contribution of an element of 


tion source area which 


maximum counting rate 
aren of 
the scintillation source to the sensitive 
, relative 


aren is) proportional to its 


effectiveness in produ ing counts 


From Eq. 2 


a | da 


where the integration is carried out 
over the entire seintillation area pre 
sented to the photomultiplier. It is 
the area defined by Eq. 3, rather than 
the total 


used in Eq. 1 to determine 7’ 


W hte h is 
Thus 
atte mpted 


method of improving the performance 


scintillation area 


the evaluation of am 
of survey scintillation counters depends 
on the determination of the two quan- 


tities ( 
detector applications only C 


and oa», whereas for fixed- 
must be 
determined 

Collection efficiency of cone. In 
Bell's attempt to increase the sensitive 
area of scintillation counters by optical 
methods, truncated cones funneled 
the light from scintillations at the bas 
of the cone to the small end, where the 
photosensitive aren of the photomulti- 
plier was located, Geometrical con 
with such an 


light Col 


siderations indicate that 
arrangement the amount of 
lected increases rapidly as the angle of 
the cone decreases. 

For example, assuming — isotropic 
radiation from a scintillation produced 
in the 


hollow, 


eenter of the base of a 
cone 


Rell. the 


perfectly reflecting 


the dimensions used by 


50 





\ 
. 
Ss NS SR RS ry 


3 a . « 








Diameter of Reflecting Cylinder (in) 








FIG. 1. Counting rate, C, as a function of 
reflecting-cylinder diameter for various 
cylinder lengths, L 








FIG. 2. Counting rate per unit scintillation- 
source area 0, producing maximum counting 
reflecting-cylinder diameter for 
various cylinder lengths 


rate vs 


FIG. 3. Determination of cylinder length 


which gives, with optimum diameter (2.25 
in.), maximum counting rate 


light 


Was 


amount of striking the photo- 


sensitive area about 7% of the 


total scintillation radiation. In com- 


parison, the amount of light striking 


the photosensitive area in the case of a 
of 3-in. diam- 


reflecting 6-in. cylinder 


eter, is 25%, and, for a 140-degree 


truncated cone having the small, 3-in.- 
scintillation 


efhi- 


end toward the 
Thus, the most 


diamete! 
s 17°¢ 
! i%- 


cient collection of light occurs for cone 


source 


angles near O degrees, that is, for nearly 


evlindrical shapes. 


Experimental Application 
Various 


thin-walled glass tubing, wrapped in 


lengths and diameters of 


aluminum foil to provide a reflecting 
tested for 
extended-source 
a 1P21 photo- 

scintillation 


surface, were possible im- 
provement of the 
counting properties ol 
tube. The 


distributed uniformly 


multiplier 
source, 


over a 


circular area of 5-in. diameter, con- 


isted of a alpha-source 
5,700 
The 


irom a 


plutonium 
undergoing approximately dis- 
source 


Zns-Ag 


approximately 


Integrations per second 
WLS placed li6 in. 
phosphor sereen ot 


thickness, which was de- 


the face of a Lucite disk 
O.20 In thick and 5 in 


he scintillation source was placed 


10-mg cm 
posited ovel 


in diameter. 


end of each reflecting evlinder, 
1P21 tube was placed at the 


at one 
and the 
other end. The photosensitive surface 
tube was centered on the axis of 
The 1P21 
the reflecting cylinder, and 


of the 
the evlinder photomulti- 
plier tube 
the scintillation source were placed in 
a light-tight box. 

The photomultiplier 


voltage Was 


regulated, high-voltage 
The 
justed so that the discrimination level 
of the 
current pulses of the photomultiplier. 


supplied by i 


supply. voltage wus ad- 


powell 
pulse was just above the dark- 


The photomultiplier pulses were re- 
orded on a standard laboratory scaler. 
Total « 


ounting rate, C, and the count- 


rate per unit area in the center of 
» scintillation source, oo, were deter- 


mined With these values, the sensi- 


tive area a, and C x a were determined 


for each of the cylinders tested. 


Results and Discussion 
In bigs 


for (' 


l and 2, values are plotted 
| 


ind oo, respectively, as functions 
the diameter of reflecting cylinders 
lengths It 


because of decreased light-collect- 


of various can be seen 


that 
with in- 


ing eth ency, od, decreases 
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2 3 
meter of Reflecting Cylinder (in) 











FIG. 4. Sensitive area, a, as a function 
of reflecting-cylinder diameter 


the reflecting 


rs for all lengths. However, the 


diameter of 


in scintillation area (the area 


scintillation source included 
the reflecting cylinder), caused 
reuse of the diameter, initially 
the 


total 


nsates for decreasing do. 


the 


s. For each length there is a 


result counting rate 
er beyond which further increase 
ntillation area fails to compensate 
the decreased oo, and consequently 
total counting rate decreases. 
he diameter at which the maximum 
iting rate occurs is about 2.25 in. 
lengths, and the length at which 
maximum counting rate occurs 1s 
this 


ength more ac curately and to compare 


in. To determine 
its maximum with that obtained with 
no-reflecting ¢vlinders, the value for C 
<us the length is plotted in Fig. 3 
nders of 2.25-in. diameter and 
reflecting cvlinders. The maxi- 
counting rate which occurs for a 
2.25 in. in diameter 
IS % 


eting cylinder 


0.6 im. in length ts yreater 


The 


im counting rate for no-reflect- 


that for ho cylinders. 


inder occurs at a distance of 
from the photomultiplier. 
re 4 shows the variation of the 
e area, a, with the diameter and 
of the reflecting cylinders. It 
btained by dividing the counting 
Fig. 1) for a given diameter and 
y the corresponding oo (Fig. 2). 
total scintillation area for various 
eters is also shown in Fig. 4 for 
son with the sensitive area, a. 
Figure 5 shows the dependence of the 
ie & aonthe length and diameter 
Values 


] t ‘ 
eflecting 


evlinders were 
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obtained by multiplving C (Fig. 1) for 
the 
corresponding sensitive area, a (Fig. 
4). It is that the 
C X aoccurs for a diameter of 3 in, and 


a given diameter and length by 


seen maXinum 


a length of about 2 in. To determine 
this length more accurately, and to 
this that 
obtained with the case of no-reflecting 


compare maximum with 


cylinders, C X a versus length for 3-in. 
and for no eylinders is 
The 


C X a occurs in the case of a reflecting 


diameters 
plotted in Fig. 6. maximum 
cylinder of 3-in. diameter and 1.6-in. 
length and is 2.18 times greater than 
with no-reflecting evlinders. 

To obtain the sensitive area for the 
dimensions of the reflecting evlinder 
which result in the maximum C X a, 
the sensitive area versus cylinder length 
for a diameter of 3 in. is derived from 
Fig. 4. It is also seen from Fig. 6 that 
for the 
C Xa, the 


or 71% of the scintillation area. 


dimensions for maximum 


sensitive area is 4.4 in.? 


Conclusions 

With the arrangement and equip- 
the method of 
evlinders produces only about 


reflecting 


Hye 
200% 


ment used, 


improvement in the performance of the 
1P2] 


detector, extended-source counting p- 


photomultiplier tube in_ fixed- 


plications. However, for survey ap- 
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FIG. 5. Product of scintillation-area count- 
ing rate and sensitive area vs reflecting- 
cylinder diameter 
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FIG. 6. Determination of length of 3-in.- 
diameter cylinder giving maximum C * a 


plications, this method results ino an 
two-fold 
of the extended-source counting prop 
erties of the 1LP21 photomultiplier tube 

The specific results obtained in this 


approximately improvement 


experiment are greatly dependent upon 
the distribution of the 
scintillation source, the type and sensi- 


pulse-height 


tivity of the photomultiplier, and the 
discrimination level of the equipment 
the 
One should not attempt to use 


used to record photomultiplier 
pulse 
the 


tained in this experiment in the design 


optimum design dimensions ob 
of a particular scintillation counter, but 
should use as the design criterion the 
sensitive 


maximum value for 


C'/Go, 


area, 
to deter- 
a particular 


as obtained in Eq. 3 
mine the best design for 
application. 

In some applications, it might be 
desired to determine the best design 
subject to certain restrictions on the 
De- 
sign data such as that represented in 
i, 
the 


with such geometrical restrictions. 


size of the optical arrangement 


and 5 can be used to 


best 


igs. 
determine design consistent 

The same fundamental design prin- 
ciples apply, regardless of the particu- 
lar optical system used 
the 


erties of 


To improve 


extended-source counting  prop- 
effort 


should be made to maximize the count- 


a seintillation counter 


when greatest sensitivity 1s 
maximize the 
the 


ing rate, C, 


desired, and to value 


(' «a (where a C/a sensitive 


area) for survey applications. 
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POLYETHYLENE tubing coiled to form container for liquid samples 


A Method for Presenting Liquid Samples 
to the Flat Surface of a Scintillation Crystal 


By HUBERT SEAR 
Lhe partment of Physiology 
College oj Phiusi rans and Su 


Columbia University, New Yo 


In* the course of plasma 

studies in this laboratory was 
sary to measure the radioactivity of 
many liquid plasma samples containing 


with I A scin 


tillation counter was used, and samples 


albumin iodinated 


were presented to the flat face of a 


eylindrical thalltum-activated sodium 


The 


sumples made it necessary to 


iodide crystal. large number of 
reduce 


the time for each measurement to a 


minimum. Equal volumes had to be 
introduced to a container of fixed 
geometry without the 


the volume ol encl ore () 


labor of mens 


uring 
course, this container had to be eas 
cleaned between samples 

A flat coil of polyethylene tubing wv 
made, as shown in the photograp! 
simply attached to the se 
of the eryvstal with adhesin 
coil was wound of polyethylene tubing 
diamete 


inches inner 


which was 0.023 


52 


ind 0.038 inches outer diameter (Clay 
Adams PIE50), held together with short 
strips of adhesive The coil 


shown in the photograph has an outer 


tupe 


diameter of 2 in. and a volume of 0.50 

em® in 16 turns of size P50 tubing 
These coils are most easily wound as 

Cut off'a length of |, 


idhesive tape equal to the diameter otf 


follows in. wide 


the sensitive area of the crystal 
it o a flat 
Five 


length of the tubing 


surface, sticky 


inches from the end of 
form a looy 
the same diameter as the sensitive 
Then 
igainst the adhesive tape, thus holding 
Wind loops 
so that there is no wasted 
Hold the Loops 


pressing them nygninst the 


of the ervystal press the 


loop 
it firmly succeeding 
inside this 
mace between them 
tovether by 
ihesive tape 

\s the center is approached 
radu of the loops become sm 
point will be reached where the 
instead of coiling smoothly 


this point 


KINK 
winding Is stopped at 


turn is firmly fixed by 


» placed on the « 


of the coil trom 


Phi volume Is how 


inserting water with 
needle \ 21 paige 


Adjust 


removing 


this tubing 
volume by turtis 
periphery of the coil The 


handled 


strengthened with adhesi 


Low bn and min 


evel the loops show sin 


By using tubing 


dinumetetr the Coll Val 


wat 


tained a larger volume 


turns could he 
the outer part ol 
bevond the edg 
the radioactivit 
not be measured 
> two uncoiled ends of the 
s input and exhaust tubes 
and associated pI ototut 
horizontal 


ere built into a 
shield made by Technics 
\ triode connected OAT t) 


pwer was built on a shel 


| ! 
doo 
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< pre 
pre 


vented from leaking in 


this 


erack by foam-rubber 
ch were attached to the lead 

electricians friction tape. 
stute the tape is sticky on 

If one side is” pressed 
ead shield, and small foam 
in. thick 
the other 


he possible to open and 


~ | C1 
» 9 - S 


firmly against 
he door without dislodging the 
bbe! 

2-cm were 


Wes Trom svringes 


ced through a 2l-gage needle 
ntly fitted into the end of one 
wes. It 


the previous sample left 


was found that the 


g could change the counting 
much as 20%. To avoid this, 
me ol sample Was run through 

twice the volume of the coil. 
e first part of the sample acted 
the 
ind ran out the exhaust tube 
wasted 
he coil was undiluted; this is the 


rinse to remove previous 


The remainder which 
that was counted. No signifi- 

counting rate wus 
the filled a 
ind fourth time with the same 
that 
uted by the previous sample. 

methods of the 


e plasma out of the tubing 


change n 


when coil was 


ndicating these parts 


Washing 


The best cleaning solution 
gin of detergent (Aleonex) in a 
When 10 em? of this 
through the 
the photograph, the counting 
reduced from 5,000 epm to the 


vate! 
Solution WHs eoil 


run 


rate 
ound level of 107 epm. 


backg 


Conclusions 
The advantages of this device are: 


ting fixed. 


geometry is 
lumes are identical without 
isuring 
ght-tight counter chamber 
ive to be opened and high 
ved (to prevent damage 
hotomultiplier) each time a 
ianged 


built. 


solutions may 


s easily 
uety ol 
the claim 


since makers 


hvlene is unreactive at room 
vith strong acids or bases, 
washing with large volumes 
possible due to the 
provided. 


the 


in be easily changed by wind- 


olumes 


presented to 
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A Comment on Naturally 


Radioactive Commercial Glazes 


By L. E. PREUSS 
Edsel h. Ford Tnstit 
Detroit, Vichigan 


ile for 


W. H. Hoather* has recently re- 
ported that radioactive 
the 


amounts 


building tiles 
Roval 
sufficient to 


were found at Derbyshire 
Infirmary in 
produce serious elevations of the back- 
The 


note is to point out that this hazard is 


ground count. purpose of this 
not limited to tile produced in England, 
but is present in tile produced in large 
quantities in the United States. 

Some time ago a routine monitoring 
area used for intra- 


here over an 


peritoneal infusion of colloidal Au!” 
showed an extremely high background, 
the grey 
ceramic wall tile of the room. These 
glazed tiles $1, & '4 In. 
The glazed surface which gave the tile 


subsequently traceable to 


re 4! 
were 4!, 


its color was about !g9 in. thick. 

In asmall room 129 em wide, 286 em 
long, and 300 centimeters high, with 
the wall tile extending from the floor 
the 


the room and 


to 179 em high on all four walls, 
count at the center of 
100 em from the floor (the tube point- 
the 350 
10. times background 
(All monitoring was done with 
G-M 
the 


ing at wall) was epm or 


about normal 
count. 
a T.G.C.41, mica end-window 
tube.) At 40 em the 
count was 400 cpm; at 20 em it was 500 


from wall 


cpm; at contact between tube and wall 


the individual tile count varied from 


600 to 1,050cepm. With the monitoring 
Geiger tube placed in the adjoining 
room and positioned horizontally look- 
ing towards the doorway of 
the tiled the 


was raised to twice the normal 


open 
room, one meter away 
count 
background 

A large number of tiles from the same 
tested. 
all the 
way from normal background to values 


background Each 
Variation in activity 


manufacturing source were 


Contact activities were found 


30) times count 
tile showed some 
Irom pomt to pomt oon its surface 
Activities were found in tiles of several 
colors and shades 

* Nucrieonics 10, No. 12, 73 
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Vedical he search 


The glaze in the case of the grey tile 


used a “small percentage” (manufsae- 


turer’s quantitation) of sodium uranate 
) composed ol Na ~ 
this 


This uranium oxide 


(‘vellow uranium 
UO, When 
75 to SO% UsOx 
presumably is the source of the radia 

X-ray 
the 
tile to be 


This tile also showed char- 


fired, reduces to 


diffraction 
the 


primarily 


tion from the tile 


analysis showed glaze on 
hottest 


willemite 


grey 


acteristic fluorescence under the X-ray 
beam, 
All of 
glaze as evidenced by a contact count 
of 1,100 the 
against a normal background of 35 
the tile backs the 
glass-like glaze fortunately is difficult 
to remove, the danger of contamination 


the activity remains in the 


epi on glaze side as 


epm on Since 


by dusting is remote. In addition 
since the radiation is primarily par 
ticulate, it is possible to work with low 
backgrounds in rooms adjoining such 
tile installations because of the shield- 
and wall, In 


Hoather, no 


ing produced by door 
with W. H 
health physics problem was eneoun- 
tered installed tile. How- 
ever, it that this type ol 
frequently fitted 
squared by grinding off one edge with 
Here, health 


physics dictates the use of aspirators 


concurrence 


here with 


was found 


wall cover Is and 


a high-speed wheel 


and other techniques to avoid spread 
and ingestion of the dust 
The greatest difficulty occurs where 


such innocent appearing tile installa- 


tions are not recognized as possible 


earriers of radioactive elements, and 


large errors are introduced into other- 


wise accurate counting techniques 


Tile is occasionally recommended for 
special laboratory use, and installations 
are frequently seen in counting rooms 

The the tile 


discussed here has discontinued manu- 


manulacturer ol grey 


facture of uranium glazes. However 
this does not preclude the presence ol 


these tiles in new installations 
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Cat 2 
Au 98 500 jc 
(19 hours after injection) 











FIG. 1. 


hour after injection. 


Hepatic scintigram obtained one 
Note the liver outline 











FIG. 2. 











Effect of dose on scintigrams is shown by scintigrams obtained with 2: 1 dose ratio 


Use of Colloidal Au” for Obtaining 
Scintigrams of the Liver 


By ERIC T. YUHL,* LLOYD A. STIRRETT, and BENEDICT CASSEN 


Surgical Service and Radioisotope Unit 


and Departments of Surge 
Los Angeles, California 


The success of the scintigraphic tech 


nique (1) for recording the anatomi 
configuration of the thyroid gland has 
stimulated the investigation of the 
application of the seinti 
to other 


One application currently being studied 


possible 


scannel diagnostic purposes 
is the introduction of suitable gamma 
emitting tracer agents into the spinal 
fluid. Bauer Yuhl 


a technique of introducing iodinated 


and described 


human serum albumin into the spinal 


subarachnoid space. TI procedure 


has been termed “ mvyeloscintography 
Yuhl, Stirrett, Hill and Beal (3) have 
also described the use of radioiodinated 
compounds and the scintiscanner to 
outline the gall bladder Preliminary 
results in obtaining scintigrams of thi 


successful nd 


gall bladder have been 
the term “cholescintigram’’ has been 
applied to the procedure 

The present report is concerned wit] 
the description of an exper 
method of obtaining scintigrams 
That such a 


liver, method mig 


* Research Fellow, | 
Service, National Institute 
Diseases and Blindne 
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4 and B ophysi 


Veterans Administration Center 
8s, School of Medicine, University 


feasible was suggested by investiga- 


tions (4, 4) which demonstrated that 
SO to 90% of colloidal gold introduced 
into the circulation was picked up by 
The 


described 


the von Kupffer cells of the liver. 
preliminary experiments 


herein were undertaken to determine 
if the affinity of the reticulo-endothelial 
cells of the 


liver for particulate o1 


colloidal matter—in this case colloidal 
gold——was sufficiently specific to make 
it possible to obtain an outline of the 
liver in experimental animals by use of 


a scintillation scanning device 


Procedure 


The radioactive gold used 
tudy was prepared as a sterile ¢ 
uitable for intravenou 
Vey 


of 2.69 days 


ution 
has a O.4] 


j 
ilt=lile 


Gold 
} 


Paria 
i 

Che experimental animals 
rabbits) were anesthetized with 


butal, and a single intravenous 


tion of radiogold was adminis 

wh. The seintiseanner (¢ 
record the distribution 
The 


counter was 


of California at Los 


Inge lé 


the entire thorax and abdomen after 


placing the animal in a supine position 
Scanning was begun immediate! ilter 


The 


rate 


the injection. scanning speed 


and counting were set to obtain 


the maximum contrast between the 


Ve! ana body bic RYT und 
Following completion of the survey 
f the xiphoid 


the exact location 


process and costal margins were marked 
upon the scintigram for the purpose of 
orientation. A 


anatomic subsequent 


radiograph of the abdomen was ob- 


tuined to orient clearly the anatomu 
location of the observed distribution of 
radioactivity Surveys were then re- 
peated at various intervals after injee- 
tion to observe the dis ippearance rate 
ind anv variation in the distribution 
ittern of the tracer agent 
Mach of the animals 

interva 


and the 


adilferent 


Results 
Hep iti 


i in 


scintigrams 
four eats and two 


rom 10 n o- 
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Electrical Characteristics | * YOUR research program calls for recording variables that change with 
split-second speed — investigate the new ElectroniK High-Speed recorder. Its 
SENSITIVITY pen can streak across the full width of the IL 1-inch chart in only one-half second! 


0.14‘; of span or 4 microvolts, This exceptional speed across a wide chart assures faithfully detailed recording 
whichever is greater. of swiftly changing conditions . . . shows every significant “wiggle”’ that other 
ACCURACY instruments have to overlook. 
144° of scale span or 45 To achieve high pen speed without overshoot, the instrument embodies an 
microvolts improved velocity damping circuit that brings the pen to a fast, smooth stop at 
MINIMUM SPAN its balance position. Chart speeds as fast as 4 inches per second spread out the 
1 millivolt vertical time base for maximum readability. Power reroll of paper is available 
at the high chart speeds. 


PEED . . , . : 
—* Like all ElectroniK instruments, this model records any d-c millivoltage signal 


2 Se f, full scale . . . Operates with thermocouples, strain gauges, and a host of other trans- 
CHART SPEED ducers. It can be supplied for full scale spans as small as one millivolt. 
1, 2, 3, or 4 inches per second Your local Honeywell! engineering representative will be glad to discuss how 
or optionally, 2, 4, 6, or 8 inches this new instrument can help you in your laboratory. Call him today .. . he is 
per minute as near as your phone 
INPUT SIGNAL MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4571 Wayne 
any d-c millivoltage Ave., Philadelphia 44, Pa. 
@ REFERENCE DATA: Write for Data Sheet No. 10.0-13 


Honeywell 


Fouts on Covittols 


WOMET HELL 


Vol 11, No. 4- April, 1953 Went more informatio Use post card on last poge. 





euries per kilogram: of 


1000 pw 


observed that 


ky were used 


at least 
necessary to obtain a sat 


line of the liver when using the 


\ the 


figure, th 


mstrumentation 
increased above thi 
became ncerens 


the 


ny 


the 


tion ot Wve! 


ivures | and 2 illustrate 


distribution 


sharp. 1 
radionctivits patterns ob 


served in two ents and show 


creased clearness of the 
the total do 
20 to JOO im" 


The radiogold appeared 


uve Wu 


area within one to two 


injection and reached it 


concentration one hour thereafter 


The minyar portion of thes idonetivits 
was observed to be concentrated in the 
the remainder appeared. in 


thy 


liver area; 
the lungs 


centration 


latter 
distribu 


Presumab] con 
was due to the rie} 


1} 


tion of reticulo-endot he lind ec is mm the f 


lungs There was no significant 


tivity 


remainder «) 


thy pieen or the 


deter ted over 
the 


Survevs taken at 


reticulo-endothelial , 
system miter ils of 
20), 


revealed 


iS, 72 and 96 how titer injection P 
no variation in the distribu 


tion pattern of the radiogol 


din the ey ' 


perimental animals ‘ 

Comparison of the liver in vitro and 
the radioactivity pattern observed on 
the scintigram revealed close anatomic 


correlation in each instance Serial 


the and 


MICrOSCOpLe eX 


sections of liver were made 


with hematoxvlin-eosin 


the 


stained 
all of 


fmination 


sections 


revealed normal hepatic 


tissue 


ina 


Discussion 


The observations on the experimen 


tal animals indicate that ual deline 
ation of the 


Despite the short half-life of Au 


{ 


liver im vivo is feasible 


* this 


sein obtaining } 


suitable for 


of the liver 


agent is 
DeCcHUSE thre 


scintigrams 


isotope is taken up rapidly and in higl a 


concentration by thie liver 


factory scintigrames of the liver 
obtained as long as 72 
ndministration 


the 


intravenous 
bree ntise ol 


gold 


activity in the liver area 
In previous publication 


authors have deseribed 


iodinated human serum 
the scintillation counter 
nosis of hepatic neoplasms 
this 


eation of technique 


beings for diagnostic purposes 


be attempted at the pres 


56 


ent 


sxperiment 


On dey 


ould 


miionucetive 


Lp>poune 


nece 
rmetically in a suitable container te f radiation 
conserve 
wether 
furnishes 


ikage of radon is: permissible 


itive 
ontamuination ndvantages were sought 

Karly experience showed that ordi- — o1 
nary 
eontamel 
Standards 
secondary 
HoOnigsehmud in 


Bureau of 
lass tubes 


Vienna 


1OW)D 
quartz develop cracks under alpha-ray 
mibardment 


dar charge and thus ay 


be BIBLIOGRAPHY 


of the high 


hogold required to obtain it hepatic 


vevel nuse adose of 
ntigram under the conditions of this 
However Instrumenta- 
currentl in 


in eflort 


elopments are 


wress at this laboratory in 


determine if such instrumentation 


permit employing «a dose of 


colloidal gold which would 


fully within the limits of safety for 


ition to human beings 


Salts 


Care of Radium 


By S. C. LIND 
( arhide 
Qal Ridge, 


and Carbon Chemical Company, Oak Ridge National Laborato 


Tenne ee 


When radium is used as a quantita conductor is probab desirable as 


have been a few cusses of rupture 


entific or therapeutic purposes, it is absence of a 


sults | cing under the 


( source of radiation either for 


conductor where 
conditions of high 


in the thin-wall 


ary to seal one. of its 


radon which is suspected 


the 
with 


YuSCOUS 
its products 
No 

Not 


but 


decay 


most of the radiation Metal Containers 


The use of metal needles containing 


would radiation be lost RasSO, was first introduced by radiolo- 


deposit would cause external vists in radiation therapy. Several 


Heavy metal 
” platinum or 


allovs such as gold 


soft soda-lime glass is relinble as platinum iridium alloy sereen out un- 


The International Radium = wanted beta but transmit gamma ravs. 
as well as the much larger | The metal provides a more rugged con- 
prepared by 
and the UL S 


10 


standards tamer for clinical use, and needles 


Vienna eould be convenient! inserted and 


\lines chlorides | 

of Ra), ‘aled in 

have remained intact 
The 


containing Over 


Ov Withdrawn from tissue 


radium = producers 


thre 


140 soft Subsequently 


mp 


for ibundoning entirely use of glass 


largest extended the employ ment of metal to 
H00 larger capsules of Pt-h 
| 


hile 


we than forty vears 


standard \Lonel or even 


a Was recently opened for brass, containing quantities of 


accumulated helium might Hermetical sealing is effected 


lias 


Pyrex vluss ind 


the 
e rupture. It 
that 


same metal as 
by gold 
The re- 
first 
time until 
This 
| 


res resoldering 


heen or plugs ol the 


} 
bony 


fused contamer, bound it 


base-metal solder 


and cannot be used as bond sutisiactory ut 


ium contamers to deteriorate w 


\ further precaution was often used radon oecurs is Serious 


iss Containers by sealing in a small iwough in itself and requ 


itinum wire to conduct away uni repair opera i not re- 


oid the danger ut a more serious 


the oliss wall 


that this is 


t} rough ometimes results in the ense 


has 


Parning 


nce shewn fitted with a friction plug 


Stir’ inge quan nternal sccu- 


| on v ! give rise to 


bouts 


out the p 


radon in very nall thin pres 


d alpha rav bulbs b metallhre ul cient to blow ug and 
he salts wid producing high 


hination nmediate 
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Cc f CS ..- The Guaranteed Components 


FIND YOUR ELECTRICAL and ELECTRONIC COMPONENTS HERE 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 
specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 
pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 
terminals ore silver plated brass. All units include slugs and mounting hardware. 
Type C (above) available with retaining collars of silicone fibreglas. Note: 
Regular, CTC Coil Form Kit is available. Also available, new Coil Kit, Type 
X2060, with windings on standard LS-6 Forms. 


Shown approximately full size. 
iy 
. 1081 


; frase Ld 


wg Vs 


Wh 


. ‘y * 


af X1582 
X1782 . 


~ xi97q ‘724 
% 
It 


X1143 


‘Tt x1578 oa, 
X2041 \ Nepee 


Anat 
7 


Silver-Plated Brass Standard Terminal Lugs. Twenty-eight different 
types, each ovailable in varied shank lengths, coated with water dipped lac- 
quer for protection during storage. Other finishes include hot-tin, electro-tin, 
electro-tin lead, cadmium or gold plate on special order. Pressure and hand 
swagers available for mounting all terminals. Note: Combination screw and 
solder terminals are available in 3 sizes. 


X1785 


X1980XA i 
X2045X 
Tv X1942x 
Insulated Terminals. Grade L-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 


screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 





HANDLE 


1120 X1786 X1552 X1774 


Hardware. Includes panel screws, thumb screws, dial locks, shaft 
locks, handles and handle ferrules, tube clamps, terminal boord 
brackets, standoff mounts and spacers. 








= “ 


Terminal Boards. Standard type in cotton fabric phenolic, nylon 
phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
of cloth, paper, glass laminates (phenolic, melamine or silicone resin) 
imprinted as required, lacquered or varnished 

to specifications MIL-V-173 and JAN-T-152. 





All materials, processes, finishes meet applicable government specifications. 


Custom Made CTC Components will be quickly made to your specifications in production quantity. 


Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 


pictured here as well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 467 CONCORD AVE., CAMBRIDGE 38, MASS. 
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Bivd., Los Angeles 16, California 
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operation. The internal pressure may 
be due to two causes 
1. The 


helium (fossil alpha 


inevitable accumulation of 


partic les which, 
increasing in direct proportion to the 
age of the source and to the quantity 
of radium, may in time produce exces- 
sive pressure of helium dependent on 
the Under or 


conditions the helium pre 


free yas dinary 


Space 
ssure should 


not become hazardous for many vears 


and can be accurately calculated at 


age and the 


any time from the ag free gas 
volume. 

2. A more potent source of internal 
when the radium 


thoroughly dehy- 


pressure dey elops 
salt 
drated 


would be rapidly decompo ed by alpl i 


has not been 


before sealing Any moisture 


and oxygen 


rays to Luseous hvdrowe n 
though the oxy 


in large volume, gen 
may combine with the salt and remain 
state. If the 
content is large, very high pressure will 


short 


in the solid morsture 


be produced in relatively time 
The ultimate pressure from this cause 
will be independent of the quantity of 
radium, 
Adequate 


salts, including that of the chloride and 


dehydration of radium 


bromide, both of which have water of 


crystallization, is so easily accom 
plished that 
sents inexcusable negligence on the part 


Drying at 250-300° C 


imperfect drying repre- 
of the producer, 
for a half hour has proved sufficient for 
the hydrated chloride or 
(RaCly2H.O; RaBro2H.0 
presents even less difficulty since it has 


bromide 


Ras, 


no water of crystallization 
Nevertheless, 
lating that there has been some care- 


evidence is) accumu- 


lessness in the drying of radium salts 


hefore tubing for sale. In the past 


few years there have been several 


accidents where radium capsules have 
ruptured by pressure hardly account 


able by accumulation of helium over 

short periods of time (a few years 
Whena radium capsule having excess 

subjected to 


internal gas pressure. is 


mechanical stress or to temperatures 
above ordinary, the danger of rupture 


is greatly enhanced and may occu 
suddenly with ejection of the friction 
plug and of part or all of the contents 
of the 
serious contamination bring one to 
‘air Git” 


radium capsules, 


Such cases of 


capsule (] 


sider the method of 


“Air Lift’’ Method 


When radium is employed 


for eali- 
dosage 


bration where a time factor of 
is involved, the times of exposure are 


58 


sometimes so short that it is desirable 
to begin and end the exposure by some 
and definite procedure. 


very quick 


Consequently, the air lift method of 
bringing the radium capsule into the 
desired position was devised as de- 
scribed (2) for the calibration of photo- 
graphic films used as dosimeters for the 


This 


and cheap method of moving the cap- 


protection of personnel. eusy 


sules rapidly by air blast in a vertical 
plastic tube of diameter slightly greatet 
than the capsule was soon adopted at 
and applied to 


many installations 


quantities of radium from a few to 
ISO) my 
The air lift 


a time but 


method was satisfactory 


later began to cause 
with 
Within the past two 
been at least 
U. S.—all 
The loss of radium 

A quantity of a 


rious “spills resulting con- 
tumination (4 
veurs there have three 


such accidents in the with 
distressing results. 
is the least disaster. 
ley milligrams can cause damage and 
costs of decontamination several hun- 
dred 


involved 


times the value of the radium 
No better method of spread- 
inp radioactive contamination could be 
conceived than an air blast acting on a 
ruptured capsule, where the salt con- 
tent is suddenly ejected by the accu- 
internal and 


mulated gas 


into the general 


pressure 
carried ventillating 
system of a laboratory or entire build- 
ing, which then is closed for the protec- 
tion of personnel and subjected to a 
decontamination operation that may 


take weeks or months. Indeed, on 


account of the extreme sensitivity of 
modern counting, it may be impossible 
in such areas ever to carry out mesasure- 
the 


background of radiation. 


ments requiring lowest possible 


Causes and Remedies 


One must inquire as to the causes of 


this outburst of radium spills and 


uggest remedies. Bearing in = mind 


the long successful history of glass con- 


tainers of dry salts, one must pretel 


and 
| 


regaraimng 


soft glass as primary container 
raise the following questions 
metal 

1]. The dryness of the radium salts. 
The remedy already suggested is simple 
and mexpensive 


2. The 
dered 


integrity of sol- 
The fact 
these bonds remain tight for a time and 


leak 


effect possibly due to radiation damage 


long-time 


metal bonding that 


then begin to suggest an aging 


of the metal bond The remedy is an 


inner tube of soda-lime glass, or, for 


metal capsules, the “cell-filled” type 


container which simply means two 


containers, an inner and outer one. 


The outer metal should have a threaded 


cap. If Lucite or other plastic is used 


for the outer, it will be chemically 


and embrittled in time by 


radiation If the Ra salt is 


attacked 
Paumime 
already in metal, an aluminum outer! 
jacket with screw Cap should be added, 
followed by recalibration For new 
thin glass tube 


metal 


preparations, an inne! 
is recommended contained in a 
capsule with threaded cap 

3. The ability of 
bonded metal containers to withstand 
the air lift 


with ex- 


present tvpe 
the mechanical impact of 


technique, Such containers 


cess gus pressure and bonding damaged 


by radiation will, under repeated 


surely lead to rupture or leak 
later. is to 


abandon the air-blast method, keeping 


Impact 

sooner oO} The best remedy 
stutionary and 
either a shield or the 
calibrated, If the au 
it should be 


the source moving 
mechanically 
objects being 
blast is to be used at all 
restricted to ‘“cell-filled 


and a mild type of blast or preferably 


containers 


vacuum exhaust 
All metal 


amined tor 


containers should he CX- 


radon leaks 
intervals—the older the 
This is 
time.” A 
cedure is to keep a small quantity of 


at frequent 


more re- 


quently certainly a case of 


“a stitch in simple pro- 


stored with the source. By 


removing the cotton 
leak is detected by 
active deposit. 


cotton 
periodically, a 
the radiation from 


In procuring radium, the following 
specifications should be made and met: 
1. Inner soft 


sealed 


container soda-lime 


glass tube of known weight, 
length 
wall thickness. 

2. If insoluble salt, dry 
known content of BaSO, 


2. salt, dry 


known 


internal diameter, volume, and 


taSO, with 
faCl, with 


RaBr. is 


radiation and is not 


soluble 
content of BaCl 
less stable under 
recommended. 
4. A Ra-Be neutron source is usual! 
prepared by mixing RaCl, (or RaBr, 
dried 


lindrical metal 


in solution with finely divided Be, 
and compressed into a ¢ 


| 


container. Since soldering is required, 


urce should be Inspected peri- 


Ol radon leak 
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CESIUM-137 was used as a gamma source to obtain this radiograph of a pistol-grip electric drill at the Atomic Energy 
Research Establishment, Harwell, England. W. S. Eastwood used Industrial B film with lead screens with a 30 inch source 
to film distance. The source, 50 millicuries of cesium-137, was a cylinder 4 mm in diameter and 4 mm high; it was pre- 


paréd by the Radiochemical Center, Amersham, England 


Power-only Reactors, by G. L. Weil ( ontinued from p. le 


nuclear power will be competitive in these countries at a 
much earlier date 

It is not out of the question that nuclear power uf it were 
available today, could compete in certain fore wn areas 

This possibility opens up immediate economic uses for 
nuclear power which might well be of interest to this 
country’s Point Four programs in underdeveloped areas 
It is hard to conceive that any other type than a powei 
only plant would be adapt ible for use at these locations 
For this reason, the single-purpose approach offers the 
opportunity of developing direct! i prototype plant 
which might be teehnieally and ¢ iomically suited to 
immediate application if other factor uch as the inter 
national situation and policies, were 


propitious 


Conclusion 


The case for the single-purpose plant has necessarily 
been formulated in considerable part as a case against the 
dual-purpose plant since the latter has so far been the 
principal subject of public attention Phe single-purpose 
plant should be recognized = tl primary, direct ap- 


proach to the development of in« al nuclear power, and 


60 


the dual purpose plant as the secondary alternative 

The potential industrial market for nuclear power In the 
immediate future may be preponderantly outside the 
boundaries of the U.S., and our interests would therefore 
be associated with Point Four and Mutual Security 
objectives; power-only plants would be most suitable for 
Similarly, in the 


these applications if they materialized 


long run, any significant contribution of nuclear power 
to the industrial requirements of the United States will 
be supplied by power-only plants 

The dual-purpose approach represents an attempt to 
modify the single-purpose approach to make it > more 
palatable at this time But by so doing, it is maintained 
the immediate needs of a program to develop industrial 
use of nuclear power art obscured by the overwhelming 
military importance and value attached to plutonium 

The construction nou of a dual-purpose plant would not 
/ 


wate the wed for a single-purpose plant Only a single- 
y j 

plant can produce usefu data on nuclear power cost 

f 


financing of a power-only plant can be arranged 


time, then dual-purpose approach loses its 


step 1 the development of industrial 
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FOUR-CHANNEL 
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or out of the mounting rack where contact is made automatically by 
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TRIPLEXER — when coupled to a DC ampli- 
fier permits the recording of three events 
in one channel, 


THRESHOLD MONITOR provides means 
for the control of voltage levels or rate of 
change. 


. s 

6 6¢é -_ 
. + Coen’ * 
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SERVO MONITOR AMPLIFIER—a phase 
discriminating AC amplifier used in servo 
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plug-in connectors. Screws at the four corners of the panel hold the 
instrument in place. 

Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds — 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 
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torque movement (200,000 dyne cms per cm deflection), direct inkless 
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Sanborn Recording Systems may be used to record any one or more 
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to 100 cycles per second. If your record- 
ing problem is not one which can be 
solved by standard Sanborn equipment, 


our engineers will be glad to suggest SAN BORN 
ways in which modifications of it may 


suit your requirements, 


COMPANY 


A complete catalog of Sanborn Indus- CAMBRIDGE 39, MASS. 


trial Recording Equipment will be sent 
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SANBORN 
1-, AND 2-CHANNEL 
RECORDING 
SYSTEMS 


One channel Model 
128/141 above and two- 
channel! Model 60 at 
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Sanborn recording 
advantages which in- 
clude interchangeability 
of amplifiers and (with 


Model 60) preamplifiers. 








Vol. 11, No. 4- April 41 953 Want more information? Use post card on last page 





WANTED: 








Two Openings on 
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1 Chemical 
(preferably) with sev- 
eral years experience 
in atomic energy, pref- 
erably some phase of 
reactor technology 


engineer 


2 Also, recent grad- 
vate 
science) with major in 
nucleonics 


(engineering or 


Some knowledge of editorial 
work preferred, but desire 
to do such work is more 


essential 


Send resume and salary 
requirements to 


The Editor NUCLEONICS 
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BOOKS _— 


Modern Radiochemical Practice 


By G. B. COOK and J. F. DUNCAN, Oxford 
University Press, London, 1952, xx 
$8.50. Reviewed by Cuartes RosenBpLuM 
Merck & Co., Inc., Rahway, N. J 


The last few vears have witnessed 
the publication of a number of excellent 
books dealing with the properties of 
their 


selieving that the practical aspects ol 


I idiolsotopes and applications. 


radioactivity measurements have been 
less fully presented than its theoretical 
aspects, the authors set out to fill this 
gap in a volume “intended primarily 


for chemists and others who have 


rudimentary instruction in 
their 


learn 


received 


radioactivity in degree course, 


wish to radiotracer 


Although the reviewer 


ind who 
methods, 
does not agree that the gap is quite as 
Messrs 
written an 


wide as suggested Cook and 


Duncan, have excellent 
book which will be extremely useful to 
in individual actively engaged in, or 


contemplating, tracer studies with 


I iliolsotopes, be he chemist hnologist 
or engineer 


The book Is 


chapters, a section on suggested experi- 


composed ol seven 


ments with radioactive material, in 
which thirty 
described, and a table of isotopes and 
thei 
up to July, 1950. 

Chapter I 
radiochemical separation and isotope 
Chapter II 


tains a comprehensive discussion of the 


laboratory exercises are 


properties essentially complete 


11 pp) is a brief survey of 


ipplications 73 pp) con- 


laws governing radioactive decay and 
radiations emitted by 
together 
measuring half-lives 
energies. The 
chapters, Chapters IIIT (53) pp 
IV (23 pp), 


! 


the ty pes ol 


radioactive materials with 


methods of and 


radiation next two 
and 
are devoted to the basic 
principles and operation of conven- 
tional devices, including auxiliary elec- 
tronic equipment, for measuring alpha, 
beta, and gamma radiation and neu- 


The 


faults of 


trons tabulation of common 


Geiger tubes and auviliary 


equipment, together with symptoms, 


tests and possible remedies, Is a 
which will be of great service 


Chapter V 


35 pp) on radioisotope production, the 


feature 
to an investigator. In 
activation of elements and secondary 
reactions such as the Szilard-Chalmers 
effect, which occur during the neutron 
compounds, are 


Chapter VI 


irradiation of given 


special attention, 38 pp) 


+ 407 pages, 





on counting errors in the measurement 
of solid, liquid and gaseous samples is 
outstanding discussion of the sub- 


ect The last chapter VII 


deals with the potential hazards from 


20) pp 


radioactive materials, detection of con- 


tamination, and protective measures 
to be emploved. 


The 


experiments (67 pp) is, In 


suggested 
effect, a 


laboratory course in radiochemistry at 


section containing 


the millicurie level Or below. Com- 


bined with the excellent presentation 
of the practical aspects of radioactivity 
and measurement of radiations, this 
admirably as a text 

Material is well 
organized and clearly presented. The 


and should lend 


book would serve 


for such a course 
text Is verv readable 
itself readily to instructional purposes. 
excellent. The 
helpful 


figures and diagrams to illustrate their 


The tyvpog iphy Is 


authors have provided many 


points and the abundant documenta- 
tion should enhance the value of the 
a reference work 


regrettable that 


book as 

It is 
phy was not given more attention in a 
Although a labo- 


exercise Is included among the 


autoradiogra- 


book 


of this scope 
ratory 
suggested experiments, a technique so 
widely employed in chemical and bio- 


work could well be elaborated 


log ii 


in a major work on practical radio- 


Nevertheless the reviewer 
hesitate to this 


chemistry 
does not recommend 
book to workers in this field of radio- 
chemistry, and is pleased to have a 
relerence 


copy tor his own 


Elements of Wave Mechanics 


By N. F. MOTT (Cambridge University Press, 
New York, 1952, ix 156 pages, $3.75). Ke- 
viewed by Joun C. Sitarer, Department of 
Physics, Massachusetts Institute of Tech- 


nology, Cambridge, Mass 


This is an attractive little book A 
reader who, like the present reviewer, 1s 
familiar with practically everything in 
it before he reads it, can go through it 
with pleasure and profit in an evening. 
can indicate its 

headings: The 
Differential Wave Ve- 
The Wave Equation of Schréd- 


Very superficially we 
scope by the chapter 

Equations of 
chanics: 
inger, Wave Groups and the Uncertainty 
- The Vany- 
Body Probl ni, Transition Probability Ss 
Relativistic Vuclear Develop- 


It contains a surprisingly large 
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Prine ple, Stationary State 


and and 


ments 





ation for a book so 


onsiderable number of 


these commendatory 

ewer must admit that 

of his time, while reading 
figure out what class 

really want to use such 

The writer attempts to an- 
juestion in his preface, so 
t can be quoted in its en- 

s book Is written to replace 
rs An Outline of Wave 
1930 It is intended for 

1 the final veur ot an honors 
experimental physics, and 
ntroduction to more ad- 
t-hbooks for those who intend 
ze in the subject. With such 
view, and in order to keep 
r isonably short, the author 
sen to omit mathematical de- 
nt that can easily be found 
This book builds up the 
theory from experimental 
hows how simple problems 


ved A number of examples 


ewer does not know any- 
it the attainments of British 
» the final vear of an honors 
perimental physics; but he 
cognize any stage in the 
uy American students which 
espond very closely, for he does 
stage of their training In 
wk of this type would seem 
orrect. sort The reason is 
the first sentences of this 
wok is useful for one who 
vthing in it before he starts 
jut its value is very doubtful 
thout previous knowledge of 
echanies 

lensity of equations is high, a 
per page sut the density 
vations is very low; all too 
reader is told that “it can be 
the derivation will be 
text on quantum theory” 
il harmonies or whatever 
The reviewer is not a 
ving sketchy deriva- 
r, Which he would have 
uurs either in working out 
himself or in looking up in 
Of course, the author's 
have been to encourage 
dependent work, but this 
reviewer a& Thore appro- 
r the problems than 

t of a book. 
instance, should there be a 
sketchy mathematical treat- 


ent the excitation of an atom by a 
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passing proton, or of the Auger effect, 
na book which devotes only SIX pues 
to nonhydrogenic atoms, six to the 
theory of and six to 


solids, nuclear 


physics, and which regards Green's 
theorem, the nature of spherical har- 
monies, and the exact solutions of the 
Schrédinger equations for the linear 
scillator and the hydrogen atom, ss 
being beyond its scope? 
From the point of view of the 


American reader, in other words, the 
emphasis and scope ol the book seem 
This does not alter the 


peculiar fact 


that it is a pleasant presentation for 
someone who already knows the sub 
ject well enough so that he can men 


tally fill in the gaps 


BOOKS RECEIVED 


Applied Inorganic Analysis by W. | 
Hillebrand and G. Ek. F. Lundell (2nd 
revised by G. Ek. F. Lundell, 
sright, and J. 1. Hoffman, John 
& Sons, Ine New York 
S15 To be 


edition 


H. A 


1953, xxi + 1084 pages 


reviewed, ) 


| Jonald J. 


Publishing 


Pile Neutron Research }\ 
Hughes, Addison-Wesley 
Co., Ine., Cambridge, Mass 


+ OSH pages 


1953, xu 
$8.50. To be reviewed 
Atomic Energy Industrial and Legal 
Problems, Michigan 
Ann 1952, vi 4 


280 pages 


University — of 
Arbor. Mich 
$5.00. 


This is the text of lectures and panel 
discussions delivered at the Fifth Sum 
mer Institute of the 


School, 


University of 


Michigan Law June 26-28 


1952 men in the atomic-energy 
field these 


They covered the subjects of the poten- 


by key 


familiar with problems. 


tial use of atomic energy by private 


enterprise, private capital for nucleat 


power, the Canadian atomic energy 
relations 


AEC 


government 


labor-management 
affairs, the 
and supplier 


program, 
in atomic energy 
contractol 
policies affecting private enterprise, 
radiation hazards to life and property 
ind the work of both the University of 
Michigan and the 
Joint 


Atomu 


Phoenix Program 


Congressional Committee on 


nergy. 


The Composition and Assaying of 
Minerals, by John Stewart-Remington 
Wilfrid) Francis, 
Library, Ine... New York 
pon 


27 pages, $5.50 


and Philosophical 


1953, vin + 


A guide to the qualitative ind quan- 


titative examination of minerals, for 


ard on last page 


y geologists, minerologists metal- 


chemists, and students who 
c aecess to large-laboratory instru- 


ments such as the spectrograph 


The Atom Story, by J. G 
Philos 


1953, vii 4+ 243 pages 


Feinberg 
New \ Orn 


S4 75 


hical Librat Tne 


A subtitle explains that this is ‘the 
story of the atom and the human race.” 


In a foreword, F. Soddy endorses the 


iuthor’s belief that an understanding 


no other subject Is ol yrentel 


importance to the ordinary, it the 


It is a well- 


vith each chapter almost : 


man 


present told story 


time 
short stor, 


In itself It is developed chrono- 


and substantiated entertain- 


»\ enrefully chosen excerpts trom 
literature of the times (viz 


ditties 


scleni- 
papers hinting of the 


roentgen ray, ete 


The Radiant Universe, by George W 
Hill, Philosophical Library, New York, 
1952 


sasing his theorv on the hypothesis 


that «a 


SY pages s4 75 


‘form of radiation energy 


propagation), Is a realitv. throughout 


all space whether such space is occu- 


matter or not.” the author 


pied by 


develops his viewpoints on a raciant 
universe in six sections entitled Radia- 
lion The 


Systen 


Stars. Origins im the Solar 
Earth 


and Gravitation. 


Origins in the Cralacte 


Systems 


ALSO OF NOTE 


Federal Civil Defense Administration 
Annual Report for 1952. 


toward 


The progress 


made national civil defense 


during the past vear is summarized in 
138 pages, which also ine lude a cumula- 
tive account of FCDA 


\ section on radiological defense lists 


vork in general 


iilable or the 
briefly 
with radiac instrument development 
GPO 


eight publications i\ 


sub ect and discusses 


progress 
Washington » D.C... 30.40 


Bibliography on Industrial Radiology 
1950-1952 (price $2) and Bibliography 
on X-ray Stress Analysis, 2nd ed., 
price $4) both by Herbert R. 
burger have just been published and 


X\-Ra / 


Is li- 


ire available from St. John 


Laborator j Califon. N J 


Liquid Metals Handbook 
June 1952), Richard N 
Many 
data have been added to this publica- 
tion, the first 


appearance in June 
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2d ed., 
Lyon, editor- 


in-chief diagrams and 


new 


revision made since its 


1950 The major 





the 
chemical 


Occur in 


ch inges 


physical properties, proper- 


ties and equipment asso- 
with liquid metals. Published 
the Atomic Energy 
and the Dept. of the 
Na the book contains 269 pages. 
GPO 25, D. C., $1. 


rosion 
elated 
woperatively by 


OMISSION 


Washington 


Use of Radioactive Material to Meas- 
ure Soil Moisture and Density, by 
D. J. Belcher, R. C. Herner, T. R. 
Cuvkendall, and H. 8. Sack. Radio- 
isotopes and Nuclear Reactors Ap- 
plied to Soil Mechanics Problems, b\ 
H. Ek. Hosticka. Determining Soil 
Moisture and Density by Nuclear 
Radiations, by 1). A. Lane, B. B. Tor- 
chinsky, and J. W. T. Spinks. These 

papers, published under a single 

were read at an ASTM sympo- 
ium on radioisotopes in soil mechanics 
n March, 1952. 
Testing Materials, 1916 Race St., Phila- 
delphia, Pa 


American Society for 


$1.25 ($0.95 to members). 


An Annotated Bibliography of Se- 
lected References on the Solid-State 
Reactions of the Uranium Oxides 
(NBS Circular 535), by S. M. 


A listing of 257 references according to 


Lang. 


ind author on solid-state 


ms of UOs with 36 other oxides. 


subject 
react 
This publication resulted from a study 
being made by the National Bureau of 
Standards in connection with possible 
use of ceramics, especially high melt- 
ing-point metallic oxides, as structural 
iel elements for nuclear reactors. 
D.C... 


and ! 


GPO.N ashington 25 $0.30 


The National Research Council Re- 
view, 1952 (NRC No. 2852). Thirty- 
pages of this 271-page report are 
the work of 
energy project 


tw 
devoted to a review of 
atomic 
Ont. 


Re Ne arch 


the Canadian 
River, Publications 
\ ational 


Canada, $0.75. 


at Chalk 
Brancl 
Ottawa 


Cou neil, 


Ferroelectricity, by EE. T. Jaynes 


1953 The first of a series of publi- 
ations called “Investigations in Phys- 
ics edited by Eugene Wigner and 
Robert Hofstadter, this offset, paper- 
bound book is an extensive revision of 
1950. It 
is a general introduction to the subject 
the 


Various 


a doctoral thesis written in 
of ferroelectricity, a guide to 
review of 
The 
the 
more detail than the rest 


and a 
sa TIOs. 
theory developed by 


literature, 
theories of electronic 
author is 
treated in 
include thermodynamic 


Other topics 


treatment, internal fields in crystals, 
and electric polarization in crystals, 
Princeton Univ. Press, Princeton. N. J., 


\ 
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chapters on | 


... In nucleonics and radio chemistry 


This familiar emblem, the Ekco House-mark has 


long been recognised as the symbol of a high degree of excellence 


in the manufacture of electronic and allied apparatus. Embracing 


many fields of contemporary development, it now identifies a wide 


‘ange of advanced and specialised equipment for the nuclear scientist. 


EKGO 


electronics 


Scintillation Counters 

Scaling Units . Counting Ratemeters 
Radiation Monitors 

Vibrating Reed Electrometers 

Geiger Muller Tubes . Lead Shielding 
Linear Amplifiers : Power Units 
Complete Counting Installations 
Thickness Gauges 


U.S. Sales & Service: — 
AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 405 LEXINGTON AVE., 
NEW YORK 17, N.Y. 


Manufacturers:— EKCO ELECTRONICS LTD, 5 VIGO STREET, LONDON, W.1, ENGLAND 


Want more information? 


Use post card on last page 65 





NUCLEONIC EVENTS 





Joint Congressional Committee Begins Hearings 


on Possibilities of Private Nuclear Power Development 


Congressional hearings on reactor development, including discussion 


of the possibilities of commercial power production, have been started by 


a subcommittee of the Joint Committee on Atomic Energy. 


to start with Atomic Com- 


mission and Department of Defense 


Energy 


testimony and then to bring in private 
groups interested in the development 
of nuclear power. 

According to Representative Carl T 
Durham (D., N. C.), 
of the committee, the group is taking 


acting chairman 


up its review of nuclear power potenti- 
alities about where it left off in hearings 
last autumn. Those 
held behind closed doors. 

The subcommittee has had off-the- 


hearings were 


record talks with AEC representatives 
Portions of the hearings will probably 
such as testimony on stock- 
The effects 
on this stockpile of an extensive pro- 


be closed 


piles and stockpile goals. 


gram of nuclear power development 
the 
testimony by AEC and Department of 


could form a significant part of 


Defense representatives 


The plan is 


It appears that a major objective of 
to help the 
whether or not it 


the present hearings is 


committee decide 
should take steps this year to amend 
the Atomic Energy Act of 1946 to per- 
mit further 


participation by private 


enterprise in the development of 
nuclear power. The provisions of the 
act that are the 


hindrance to the private development 


considered greatest 
of nuclear power are those that forbid 
ownership of fissionable materials and 
reactors by private sources 

Durham, who was still acting head 
of the committee because of the dead- 
lock over naming a Republican chair- 
(NU, March 70), took 
unprecedented resume the 


He named a subcommittee, 


man "53, p. 
steps to 
hearings. 
headed by 
shaw (R., 


Representative Carl Hin- 
Calif.) to schedule the hear- 


REACTOR COOLANT PUMPS for use in the prototype submarine thermal reactor are 


being tested at Westinghouse, where they were designed and built. 


The squirrel-cage 


rotor of the water pump, contained in a shrink-fit jacket of steel, turns within a stator that 


is also fully enclosed in steel. 
leakage must be at a minimum. 


Because the water is hot, thermally and radioactively, 
The motors cannot drive the pumps through seals; 


bearings are inside the stator and are lubricated by water 
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members of the subcom- 


». Melvin Price 


ings Other 
mittee are Durham, Re 
D., Ll 


R. ( alif 


| 
and Sen. William Knowland 


Joint Committee Names 

Rep. Cole as Chairman 
Representative W. 

R., N. Y. 


chairman of the 


inaunimously 
Joint Con- 
Atomic En- 
Bourke B. Hicken- 


Iowa), the other contender 


has been 
chosen 
gressional Committee on 
ergy. Senator 
looper (R., 
for the chairmanship, has been named 
vice chairman. 

This action came after the committee 
had been deadlocked for months over 
NU, March 


Senate 


the naming of a chairman 
53, p. 70). The 

that the chairman 
The House 
bers contended that the chairmanship 
that 
the chair had, up to this time, been 


members 
contended should 


be a Senator. mem- 


should rotate and pointed out 


held by a Senator. 
At the meeting at which Cole was 


chosen, the committee unanimously 
that 
manship be rotated every two years 


This 


means that Cole will remain chairman 


accepted a resolution the chair- 


between House and Senate 
through 1954, when the S3rd Congress 
adjourns 

The subcommittee hearings on pri- 
vate nuclear power development, undet 
the direction of Rep. Carl Hinshaw 
R. Calif.), will not be affected by the 


selection of Cole. 


Homogeneous Reactor 
Generates 150 kw 


The production of useful amounts of 


electric power by nuclear energy has 
been achieved from the successful oper- 
ation of the experimental homogeneous 
reactor at Oak Ridge National Labora- 
torv. The reactor was brought up to 
its full design power of 1,000 kw of heat 
output which was used to run a turbine 
150 kw 


generator, and about of elec- 


tricity was produced. This is enough 
power to meet the needs of 50 average 
5-room dwellings 

Capable of producing both fission- 
the reactor 


able material and power 


under construction 
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has heen since 





1951. The 

ded by two years of development 

ind design work at Oak Ridge. The 
etor went critical on April 15, 1952, 

s than a 


construction was 


vear before it was brought 
© full power. 

John A 
lirector of ORNL and director of the 


homogeneous reactor project, empha- 


Swartout, deputy research 


sized that 
be solved 


vhich 


problems remain to 
this 


a single homogeneous solution 


many 
concerning reactor in 


fuel, moderator, and coolant. 


served as 


Although the experimental reactor Was 


not designed to produce economic 
electric power, the success of its oper- 
ation is an important milestone toward 
that end. 

Construction and fabrication of the 
auNiliaries, including 


reactor and its 


building and site facilities, cost about 
$1.1-million; cost of 


velopment was about $3-million. 


research and de- 


engineering design and construction 
Winters. 
Actual construction and experimental 


were supervised by C. E. 


testing of the reactor were supervised 


by S. E. Beall 


Lewis L. Strauss, Former AEC Member, Takes Job 
as Presidential Adviser on Atomic Energy 


Lewis L 
1946 to 1950, has been appointed a 
hower on atomic matters. 
House staff 
competence in the field, Strauss will be 


} } 
largely 


energy 


even pretends to any 


responsible for any executive 

ction in atomic energy. 
When he AEC, 

earned a reputation as an exponent of 


was with Strauss 


private enterprise in nuclear energy. 
He also deplored heavy spending by 


the government at any point where 
industry might be tempted to do the 
job. This might indicate that he will 
oppose large investment of government 
funds in atomic power development, 
even on an experimental basis, pro- 
vided industry is inclined to spend its 
own money for this purpose. 

Two urgent problems that have al- 
most certainly been dumped in Strauss’ 

ile 

1. How far along are the Russians in 
itomie weapons development, and 
what are we to do about it? 

2. What needs to be done to get 
industry into peacetime atomic work, 
particularly the production of electric 
power? 

On the answers to the first question 
hangs the future of the government’s 
weapons AEC al- 
ready has sent the White House a top 
secret report on Russian bomb prog- 
ress, If the looks 


Strauss, there probably be a 


itomuc program. 


report grim to 
will 
speed-up in production of atomic and 
hydrogen bombs and related weapons. 

As to the second question, Congres- 
sional hearings on the development 
of nuclear power have been resumed. 
What AEC representatives say at these 
hearings will have a lot to do with what 
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Strauss, member of the 


Atomic Energy Commission from 
special advisor to President. Eisen- 


Since no one else on the White 


But the President, 
to whom AEC is directly responsible 


the ( ‘ongress does. 


administratively, must take a stand on 
This is 


experience and views will come into the 


the problem. where Strauss’ 
picture, 

A slightly less pressing problem for 
Strauss is the selection of a new chair- 
man for AEC to sueceed Gordon Dean, 
who will leave AEC in June (NU, 
March °53, p. 70) 
little doubt that 
himself could have the chairmanship 
White House 
observers insist he was offered the job 
but 


Kisenhower adviser. 


There's Strauss 


if he wanted it. Some 


down to become an 
That still doesn’t 
the job 


turned it 


rule out his acceptance of 
eventually if he fails to come up with 
the kind of a man he wants for the job 


by June. 


Canadian AEC Ships 
7 Different Isotopes 
The isotopes branch of the Canadian 


National 
total of 655 shipments of 7 different 


fesearch Council made a 
radioisotopes during the period from 
April 1, 1951, to Mareh 31, 1952. 

The quantities of isotopes shipped 
during that period are, according to 
the 1952 edition of the National Re- 
search Council Review, 2,652 curies of 
Co®, 32,855 me of Na*4, 20,020 me of 
['3!, 2.377 me of P*, 1,114 me of C', 
715 me of S*, and 175 me of Ca". 


Of the shipments made, 226 were to 


yect, 200 
Refining 

Frosst 
Canadian 


the NRC Atomic Energy Pr 
to Eldorado 
(1944) Ltd., 68 to Charles | 
and Co., and 42 to othe: 
The Atomic Energy 
Establishment, 


Mining and 


Research 
ved S38 
Atomic 


users, 
Harwell, rece 
the U. = 


Energy Commission received 36 


shipments, and 

These isotopes were produced in the 
NRX Chalk 
under repair following an 
(NU, March 753, p. 70 


repair period, Canadian users will be 


reactor at River, now 
accident 


During the 


supplied with isotopes from stock and 
from the U.S 
those from NRX are being secured for 
and 


Isotopes identical to 


most research medical purposes 


Some more penetrating isotopes, such 
as Na®4 difficult) to 


obtain in required strength because of 


are now more 
the lower flux of U.S. reactors and the 
longer time required for shipment of 


the isotopes from the U.s 


George Prout Dies; Was 
GE Atomic Energy Head 
Creorge R. Prout, vice president in 
charge of General Electric Co.'s nucle- 
died last 
month at the age of 53 after a two-week 


onie and atomie projects 


illness. Mr. Prout was responsible for 
all the COMpaAny ’s atomic energ activie 
including the Hanford plutonium 
Atoms 
responsible 
the 


ties, 
plant and the Knolls Power 


Laboratory. He was also 


for coordinating activities with 
Atomic Energy Commission among all 


organizations in the compan 


Fuel Recovery Plant 
Uses New Design Ideas 


A new plant for reeovery ot 
able 


fisston- 
fuel 
elements has been put in operation at 
the National Reactor 
Arco, Idaho. The 


embody some new design concepts 


material from used reactor 
Testing Station 
plant id to 
in- 
cluding direct maintenance, and the 
new design ideas are expected to supply 
data of importance in the economics of 
reactor utilization 
Previously, such processing plants 
control 
The 


new plant is expected to demonstrate 


have had provision for remote 


replacement of defective unit 


the feasibility of direct maintenance by 
cells 


prov essing Is 


decontaminating the individual 
the 


carried out. 


in which chemi al 


New equipment for removal of radio- 


active materials from gases generated 
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SAMSON SURVEY METER 
OFFERS THESE FEATURES: 
High Sensitivity 


lon chamber window .0002” (.66 
mg/cm’) thick passes alphas down 
to 2 Mev and betas down to .05 
Mev. Window located only 3/8 
above flat surface. Ranges O—500 
2500/12,500 CPM for alphas; cor 
responding radium gamma 
0-0.7/3.5/17.5 mr/hr. 

Three tube, 100% negative feed 
back amplifier with electrometer input 
has gain of 3500. 


ranges 


Unusual Stability 

Humidity effects are degenerated. 
Eight-hour drift is only 10% full 
scale. 

Rigid structural design and an im- 
proved battery box minimize trans- 
ient mechanical effects. 


Simplifies Monitoring 

Samson's light 
large 4” x 5”, ion chamber window, 
and 6” fan meter combine to enable 
rapid, easy survey of contaminated 
surfaces. 


weight (5 Ibs.) 


Free catalog on request. 








RADIOACTIVE PRODUCTS, INC. 
441 W. Congress + Detroit 26, Michigan 











information? 


68 Want more 


in the process has also been installed 
Such gas-purification apparatus would 
be of great value if, in the future, re- 
covery plants are put up near reactors 
it centers of population 

Construction of the facility required 
48 miles of stainless-steel tube and pipe 
125 miles of aluminum and copper tube 
35,000 


steel, 


ind) carbon-steel pipe, and 


square feet of sheet stainless 
The plant is operated for the Atomic 
Commission by the American 


Ms: Bs 


energy 


Cvanamid Co 


New Hospital for Cancer 
Research and Treatment 


An eight-story devoted 


rt hospital, 
olely to treatment of cancer and in- 
vestigations on radiotherapy, has been 
opened in Chicago. Called 


Researe li Hos- 


facilities for the use 


formally 
the Argonne Cancer 
pital, it will have 
of all known types of radiation and 
radiation sources thought to be useful 
in cancer treatment. 

quipment includes a 2-Mev Van de 
Graaff 5O0- Mey 
accelerator, a rotating cobalt ‘ 
two 250-kv X-ray 
X-ray machines, 


generator, 4 linear 
bomb,” 
machines smaller 
and facilities for use 
In addition to these, 


being made for use 


ol radioisotopes. 
arrangements are 
of the 450-Mev proton synchrocyelo- 
tron at the 
Institute for Nuclear Studies 

Most of the 
laboratories and 
Only two floors are for patient care; 
they heds. To 


possible spread of contamination, the 


University of Chieago’s 


building houses the 
radiation sources. 


provide 56 prevent 


individual patient rooms are separated 


by S-in. concrete walls, and floors are 
plastic covered. 

12,000-gallon’ storage tanks 
are located in the sub-basement (see 
In these tanks, radio- 


until 


Twelve 


cover picture), 


active wastes are accumulated 


Inactive or are disposed of 


Atomic 


they are 


through Energy Commission 
facilities. 
Processing and storage space for 
radioactive materials are located in the 
basement (see illustration below). 
Heavily 
ation of both patients and animals are 
The 
viewing windows for these rooms are 
3 ft thick and are filled 


bromide solution. 


shielded rooms for irradi- 
also located in the sub-basement. 
with zine 

The Co source, expected to be in 
operation by summer, will be shielded 


than lead. This 


will permit a weight reduction from the 


by uranium rather 
usual 4,000 down to 950 pounds 

The hospital, built with $4.2-million 
of Ak 


University ol 


funds, will be operated by the 
Chicago, under the 
direction of Leon O. Jacobson. Fa- 
cilities of the hospital will be available 
to the Argonne National Laboratory 
and the 32 universities and research 
institutions of the mid-west which are 


participating members of Argonne. 


To Discuss Management's 
Isotope Problems 
The Oak Ridge Institute of Nuclear 


Studies will sponsor a two-day sym- 


posium on management problems in 
the use of radioisotopes in industry on 
April 30 and May 1. The symposium 


will follow the completion ol a two- 


STORAGE OF RADIOISOTOPES at Argonne Cancer Hospital is in 40 8-ft-long stainless- 


steel tubes embedded in concrete and shielded with lead caps. 


The isotopes them- 


selves are placed in 2-ft-long lead containers which fit inside the stainless-steel tubes 
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week advanced course in isotope tech- 
niques in industry. It is expected that 
the scientifie group will remain for the 
management symposium, and it is 
hoped that a community of interest 
will be established that will be of value 
to both groups 

The titles of the talks and the speak- 
ers for the first day are: Summary of 
Technical Sessions, Edwin A. Wiggin, 
Chief, Technical Reports Branch, Iso- 
topes Division, Oak Ridge; The Prob- 
em of Technical Information in the 
1kC, Alberto F. Thompson, Chief, 
Technical Information Service, AEC; 
Leqa Aspects of the Use of Radioisotope 8 
in Industry, Samuel D. Estep, Uni- 
versity of Michigan Law School; Radio- 
ogical Safety and Insurance Problems, 
Reuel C. Stratton, Travelers Insurance 
Co and Radioactivity and Public 
Relations, Jerome D. Luntz, Editor, 
N UCLEONICS 

On the evening of the first day there 
will be a session entitled The Outlook of 
Vuclear Science for Industry. 

Che talks and speakers for the second 
day are: The Place of a Consulting 
Laboratory in the Use of Radioisotopes 
in Industry, William FE. Barbour, Jr., 
President, Tracerlab Ine.; and The 
1h Isotopes Division and Its Relation 
o Industry, George Manov, Allan 
Lough, Advisory Field Service, AEC, 


Oak R age, 


Brookhaven Offers 
Gamma Irradiation Service 


es at Brookhaven National 
Upton, N. Y., for gamma 
ire now available to non- 
projects. These facilities 


bed in NucLeonics, March 


and university labora- 
other AEC contractors, are 
othe gamma. irradiation 

| the opportunity to engage 
erating research programs 
ources and irradiation devices 


ivailable for sale. 


Westinghouse to Make and 
Sell Reactor Components 


a new, multimillion dollar 

produce equipment for atomic 

wer plants have been announced 

Westinghouse Electric Corp. The 

ility, to be built in Harmar Town- 

near Pittsburgh, Pa., will engi- 

inufacture, and sell products 

e been developed for atomic 
plants. 

the immediate future, the 
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Kit of piezo-electric materials includes: 2 crystal bender Bimorphs®; 2 crystal twister Bimorphs 
(oblong shape); 2 crystal twister Bimorphs (square shape); 1 Ceramic “B'’disc; | Ceramic RB” 
tube; 1 Ceramic "'B" hexagon; 2 microphone cartridges of the hearing-aid type; Instruction sheet 


PIEZOTRONICS IDEA KIT 
use it in your product development 


Modern piezotronic systems have led to new and im- 
proved products in many fields —communication, instru- 
mentation, automatic control, medicine, military science. 


Brush Electronics Company, world’s leading producer 
of man-made piezo-electric materials, has prepared this 
sample kit for your use. The kit, available at nominal 
cost, enables you to investigate and experiment with a 
variety of piezo-electric elements in conjunction with 
your product development programs. 


Also available to you, free of charge, are the new Brush 
booklet, PIEZOTRONICS, and a complete technical manual. 


Investigate this unique offer now. It may spark the 
product development idea you’ve been looking for. 


BRUSH ELECTRONICS COMPANY 


formerly 
INDUSTRIAL AND RESEARCH INSTRUMENTS The Brush Development Co 
PIEZOELECTRIC MATERIALS « ACOUSTIC DEVICES Brush Electronics Company 
MAGNETIC RECORDING EQUIPMENT 1s an operating unil of 
ULTRASONIC EQUIPMENT : Clevite Corporation 


Brush Electronics Company, Dept. TT 4 

3405 Perkins Avenue, Cleveland 14, Ohio 

Please send me the following: 

O Kit of sample piezo-electric elements 
Enclosed is check for $9.95 

0 PIEZOTRONICS Brochure (free copy) 

() PIEZOTRONICS Technical Data (free copy) 

Name 

Company 

Title 

Address 


City 


Want more information? Use post card on last page 





nearly EVERYBODY 
in NUCLEONICS 
uses MYCALEX 


GLASS -BONDED MICA 


But very few tell us what they do 
with it. So we want to ask you TWO 
QUESTIONS: 


1. Are you getting all you should 
out of these Mycalex advan- 
tages? 

RADIATION RESISTANT 


High Temperature Distortion 
Point (650°F.) 


Low Loss Factor 


Corona Resistance 
Carbonize 


No Moisture Pick Up 
Dimensional Stability 
High Structural Strength 


Holds Its Inserts tightly over 
a large temperature range 


Does Not 


2. DO YOU KNOW how readily 
you can MACHINE EXPERI 
MENTAL PARTS FROM 
MYCALEX 400? 


Chatter-Less 
Brush Holder 


Spur Gear 


Plate Assembly 
for PA Timer 


anal 


Coil Form 


WRITE for the full story 


MYCALEX CORPORATION of AMERICA 


World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices 30 Rockefeller Plaza, New York 20, N.Y, 
GENERAL OFFICES AND PLANT 
118 CLIFTON BOULEVARD, CLIETON, N.J. 
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HEAVY-PARTICLE CYCLOTRON at Oak Ridge accelerates nitrogen ions to 25 Mey, 


which is sufficient energy for them to fuse with nuclei of other light elements. 
mounted in vertical position, one above the other. 
25 in. and is struck by ion current of 1 ya. 


Dees are 
Target is placed at orbit radius of 
Accelerator operates on fixed frequency of 


5.1 Mc; pole pieces have diameter of 63 in., gap of 6 in., and field strength of 15,000 


gauss. 


products of the new atomic equipment 


department of the atomic power di- 
ision will go to government projects. 
Officials of the company believe, how- 
ever, that private industry will eventu- 
ally become a large customer 
The 


formed in 


division was 
that 


has been engaged in development and 


atomic 
1948, 


powel 


and since time 


construction of a nuclear reactor for 
propulsion of the submarine Nautilus 
The company now also holds a contract 
for a similar plant to propel a large 


vessel, such as an aircraft carrier 
The new department will be man- 
William C. Miller The 


manager of the division is Charles H., 


\\ euvel 


iged by 


Nuclear Science Committee 
Gets New Members 

The National Academy of Sciences 
National 
nounced a reconstitution of the mem- 


Research Council has an- 
hership of its subcommittee on ship- 


ment of radioactive substances and 


the formation of a new subcommittee 
on nuclear geophysics of the committee 
on nuclear science. 

#k. D Massachusetts Insti- 


tute of Technology, is chairman of the 


Evans 


subcommittee on shipment of radio- 
active The other 
bers are L. F. Curtiss, National Bureau 
of Standards; W. G. MeKenna, Bureau 
W.S. Michel, National 
Council of Canada; K. Z. 


substances. mem- 


of Explosives; 


Research 


Use post card on last page 


Power input to oscillator is 30 kw, and r-f system operates at 60 kv, dee-to-dee 


Morgan, Oak Ridge National Labora- 
tory; H. FE. 


Co.; and 


Seemann, Eastman Kodak 
Forrest Western Atomic 
energy Commission 


L. T. Aldrich 


of Washington, is chairman of the new 


Carnegie Institution 


geophy Sics 
\L. Hurley 
University of 


subcommittee on nuclear 


The other members are P. 
MIT: M. G 
and 
Minnesota. 


RAW MATERIALS 


Mines in this state pro- 


Inghram, 


Chicago; A. O. Nier, University of 


® Colorado. 


duced $50-million worth of uranium 


last year, 
Metals 


production of 


Carborundum 
start 


®New York. 
Co Akron, 


and 


will 
with 
Rust 


zirconium hafnium in July 


a $25-million plant designed by 
Design Co., Pittsburgh. 


) 
Process 


mineral, containing 


@India. A 
thorium oxide and 4% 


new 
ol % uranium 
Travancore 
Chera, the 


oxide, has been found in 
and named cheralite, after 


ancient name of the state. 


® Madagascar. A plant to refine 
uranium ore has started operations in 
this The plant 


French overseas territory, 


French ruled island. 
first in any 
will treat native ores for shipment to 


© Sweden. 


Ix imntorp lor 


A plant is being built at 
the extraction of ura- 


nium from shale. The uranium con- 
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the shale, of which 
arge deposits, is about 
etric ton. But the shale 

s kolm, a hydrocarbon that 
» to 3,000 gm of uranium per 
cess has been developed in 
extracting this kolm from 


IN BRIEF 


® Kilocurie industrial source. A 
£.500-curie Co® source has been in- 
he radiation engineering 

the Stanford Research 

Phe institute will now pro- 

ir investigation of indus- 


tions of nuclear energy. 


@Nuclear engineers. According to 
D. W. MeLenegan, technical personnel 
manager at Hanford Works, the atomic 
energ doesn’t want nuclear 
engineers He recommends that stu- 
dents prepare for nuclear engineering 
by getting solid ground work in the 


separate technologies of engineering. 


® Radiocarbon dating. Laboratories 
or age determination by Libby’s radio- 
carbon method are being established 

both the University of Arizona and 


the Ur ersitv of Texas. 


@Cyclotron in Japan. The largest 
cyclotron in Japan, under construction 
at Kyoto University, is expected to be 
finished by the end of the year. The 
15-Mev machine will replace the sim- 
lar one that was destroyed by occu- 
pation forces while it was under 
const! 


NUCLEAR NEWSMAKERS 


Frederick M. Belmore has been ap- 
manager of AEC’s New 
Office. A chemical 

selmore has been director of 


\ \ (0) since 1947. 


Mark Mills is now serving on the panel 
ropulsion of the scientific 
of the Air Force. He 

A\EC’s reactor safeguard 

was formerly group 

ead n North American Aviation’s 


itomic energy research department. 


Sylvan Wallach, formerly associated 
tl the tomie powe! division of 
has been appointed 

tist on reactor design 


it Walter Kidde Nuelear 


William Mitchell has been appointed 
era insel to AEC, 


ye! 
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FOR SPECTROPHOTOMETERS .. . 


AN ISOTRONIC 
DC POWER SOURCE 
ACCURATE TO + 0,.0/% Model £-6 2-5 


The best of spectrophotometers operates erratically when input power looks 
like this 








6 voc 





2 voc 








instead of like this 








6 voc 
2 voc 














Haven't you been plagued by input voltage drop, particularly in the course 
of long-running experiments? Or have you had to interrupt or defer work 
while batteries were being charged or replaced? 

The Sorensen Model E-6/2-5 Nobatron* has been specifically designed to 
exclude this difficulty. Using it, you can be sure your equipment is getting 2 
and 6 volts DC, plus or minus 0.01%, with that accuracy maintained 
indefinitely at normal room temperature. 

Furthermore, circuitry developed for the Model E-6/2-5 Nobatron is advanced 
in simplicity, involving no moving parts. That means easy maintenance, 
trouble-free operation. Write for information. 


SPECIFICATIONS 





Input voltage range 95-130VAC, 14, 50-60 cycles 
Output 
#1 for lamp 6VDC adjustable +10% at 5 amperes 
£2 for filament 6VDC at 100 Ma 
£3 for bias 2VDC adjustable +10% at 100 Ma 
iltering 
#1 1% mox 
#2 &3 0.05% max 
Regulation accuracy +0.01% against line changes 
Time constant 0.1 seconds under most severe line changes 





Size: 17 x 12'4 x 17 self contained 
19 x 12'4 panel for relay rack mounting 
Weight: Approximately 90 pounds 
Meters: No meters are provided due to the extreme 
regulation accuracy involved 











*Reg. U.S. Pat. Off. by Sorensen & Co., Inc. 


FOR THE LATEST AND BEST IN ISOTRONICS... 


£1 #4 SORENSEN 


SORENSEN AND COMPANY e 375 FAIRFIELD AVE., STAMFORDT3, CONN. 
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LET TERS _— 


Modifying the McMahon Act 


Dear Sir: 


In discussion of possible changes in 
the Atomic Energy Act of 1946, many 
ramifications of the effect of these 
changes have been introduced. But 
What is 


the structure which the atomic energy 


let us speak here of goals. 

law should try to create? I believe 
that the law should strive for a two- 
part result; the first part, a strong and 
Atomic 


Commission, and the second, 


substantive, civilian Energy 
a large 
and vigorous civilian atomic power 
industry. 

In broad strokes the AEC should 
continue to have the major and satisfy- 
ing responsibilities of: 

1. An Arsenal providing for a mini 
mum production of fissionable mate 
rials for weapons, and all of the manu- 
facture of weapons themselves 

2. An “NACA” (National Advisory 
Committee for Aeronautics) of national 
laboratories responsible for a sufficient 
measure of technical advancement 

3. A 
body at least responsible for safety, 
health, 


problems. 


supervisory and regulatory 


security and accountability 
Clearly these are not all of the responsi 
bilities that the AEC now accepts; for 
instance raw materials operations raise 
important problems. 

The civilian atomic power industry 
should have a production capacity for 
fissionable materials which is many 
times, let us say more than ten times, 
greater than that of the government 
arsenal. This large civilian production 
capacity would transform the present 
AEC production goal from an upper 
limit American Bat 
Association, San Francisco, Cal., Sept. 
17, 1952) to the which it 
really is if the country’s defense objee- 
The 


capacity 


(Gordon Dean: 


mintnwan 


tives depend upon. it. larger 


civilian production would 
eliminate the nagging worry, whether 
or not anyone can really predict a 
war’s demands for fissionable material 
for atomic weapons and atom-powered 
ships and planes. It would provide a 
material strength entirely consistent 
with and analagous to the many reserve 
strengths which free enterprises pro- 
vide for our land, 


which 


“stand-by” defense 
strengths the 
nothing in peacetime, and which are so 
would 


cost Treasury 


priceless in wartime. It also 


provide that other strength, the insur- 


72 


ance against total error, which comes 
from multiple centers of decision. 

Now let us 
How can the law do its part 
On two 


switch from goals to 
means. 
toward achieving these goals? 
points there is little controversy. 

First, the law must be modified to 
permit own 


facilities for the production ol powel! 


private companies to 
and fissionable materials. 

Second, the law needs to empower 
the Commission to enter into long- 
term arrangements providing for a 
supply of both source and fissionable 
materials to industry. These mini- 
mum requirements are rather broadly 
recognized. 

However, there are various views on 
the question of the ownership and sale 
and disposition of fissionable materials 
manufactured by industry. Some 
maintain the viewpoint that the govern- 
ment should retain ownership of new 
fissionable materials manufactured by 
and government- 


industry, pay a 


determined price therefore. In my 
opinion, the above arrangement would 
tend strongly to prevent the growth of 
a vigorous and healthy industry. 

I believe that the companies should 
have the right to own the fissionable 
materials. They should also have the 
right not to sell their product, and the 
right to sell it to other private parties 
who are licensed by the Commission to 
receive fissionable materials. The law 
should be modified to permit private 
companies to own fissionable materials 
per se, in addition to the facilities for 
their production. 

In this manner a partly free market 
can exist in which both the government 
and other users of energy will create a 
fissionable material which 
Clearly, 


demand for 
can be marketed at a profit. 
the government should have an over- 
production in 

But, 
active 


riding eall on all new 
times ol emergency 
for the the 


market would be between private pro- 


military 
long-term, really 
material and 
Thus, | 
Detroit 
make a 


ducers of  fissionable 
private purchasers thereof, 
that 


allowed to 


would anticipate Dow 


Edison might be 
profitable sale, not government audited, 
to let us say, the Philadelphia Electric 
Company, who would have been 
previously licensed to purchase fission- 
able material, and who would be intent 
upon building their own nuclear power 
plant 

Clearly, the government might wish 
to maintain a bid for fissionable mate- 
rial in this market for its stockpile. 


This government bid might be a very 


important factor at the beginnings of 
the free civilian enterprise. But, over 
a long term, this factor should be of 
distinctly lesser importance than the 
needs of utilities to provide for their 
normal expansion of power production, 

It may be that companies borrowing 
fissionable material to get started with 
breeding plants ought to recognize as 
a first charge on their production the 
return of the borrowed amounts to the 
government stockpile before private 
sales would be reasonable. 

It would seem that the only reason- 
AEC 


supervision and regulation will lie in the 


able constitutional bases for 
two broad grants of power to Congress, 
to provide for defense, and to regulate 
interstate commerce. It should be 
that limited 


and do leave some areas for eventual 


noted these powers are 
state regulation. 

JoHn R. MENKE, Pre 

Nuclear Development Associates 

White Plains, Neu 


sident 
Ine. 
York 


World Progress 


DEAR SIR: 


I read with much interest the paper 


devoted to recent nuclear develop- 
ments in West 
(‘World Progress in Atomic Energy,” 
NU, Dee. 52, p. 7.) I should like to 


add some complement of information 


European countries. 


to that you published 

Nothing is said in vour article about 
the Military Acad- 
Srussels, whose nuclear center is 


Prof. R. Ledrus. <A 1.4- 


research at foval 
emy, 
directed by 
Mev Cockroft Walton 
been installed there by 
Constructions Electriques de Charleroi. 


generator has 


Ateliers de 


probably 
huilt 


guns 


A linear proton accelerator, 
ilso he 


of the helix type, will 


there. Extensive work on ion 

has been done by Lt. Col. Thomas. 
Furthermore, you mention the Phil- 

manu- 


ips organization twice as the 


facturer of nuclear tools in Belgium. 


Sut a very important segment of these 


tools have been manufactured by 
Ateliers de Constructions Electriques 
de Charleroi—i.e., the main parts of 
the cyclotron at Louvain, parts of the 
mass spectrograph at Louvain, detect- 
ing devices and counting equipment. 

I should like to too that 


Paul Capron (and not Caprin) and 


mention 


Jean Delfosse are not assistants of 


Prof. Count Mare de Hemptinne, but 
prolessors themselves 

Max Hoyaux 

Elect 


Ateliera de Constructio 


onics Division 
ns Elect ques 
de Charleroi 


Charleroi, Belgium 
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New AEC 


Patent 


Releases 


The following patents, released by the 
Atomic Energy Commission, are avail- 
ible for royalty-free, nonexclusive 
licensing. Applicants should apply 
to the Chief, Patent Branch, Office of 
the Counsel, U. 8. Atomic Energy 
Commission, Washington 25, D. C. 
Identify patents by number and title. 

Analyzer (2,620,256) Q. A. Kerns, 
| \W Whitcomb, E. E. Brown 
analyzer and recorder continuously 
and simultaneously record relation 
between two variables by means of 
movable table and stylus, each con- 
trolled by a phase-sensitive motor. 

Radiation Detection and Measuring 
Means (2,620,446) H. D. Le Vine, 
H. J. Di Giovanni—without amplifica- 
tion, circuit measures d-c component of 
G-M tube discharge current up to 
several hundred r/hr. 

lon Source (2,621,296) R. W. Thomp- 
son-—apparatus particularly suited to 
generating ions of heavy metals from 

iporizable compounds of metal in 
vacuo. lon ratios are quite constant 
ind controllable. 

Receptacle (2,621,912) R. N. Lyon, 
S. G. Bankoff, F. J. Smetana—baffle 
means of quenching container effect 
random distribution of elongated mem- 
bers dumped into it. 

Production of Carbon Dioxide 
2,622,008) W. W. Miller, J. Turkevich, 
N. Zwiebel—radioactive carbon dioxide 
liberated from an alkaline earth car- 
bonate by heating a mixture of the 
carbonate and a dry metal halide to 
100-500° C at <10-2 mm He. 

Method for Preparing Boron Tri- 
fluoride (2,622,014) I. Kirshenbaum— 
BF; prepared by heating a dry mixture 
of a boron oxide and a higher metal 
fluoride at 115-190° C and 1 atm and 


collecting BF gas. 


Automatic Cable Tester or Fault | 


Analyzer Means (2,622,130) L. J. 
Kabell, R. A. Richards, A. L. Dyer— 
apparatus automatically tests a cable 
having a plurality of wires for faults of 
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YOU CAN GET THESE 


Neutrons 
Positive ions 
X-rays 


Electrons 


SELECTIVELY FROM @ ACCELERATOR 


The Van de Graaff® 
Particle Accelerator 
Type A, Model H/S 


. . . compact, reliable, and well suited 
to varied uses in fundamental nuclear 
physics, solid-state physics, nuclear- 
reactor engineering, biochemistry and 
radiobiology, and chemical analysis. 


Ask us for specific 
recommendations on the 
: application of Van de 
} oltage: 0.75-2.0 MV Graaff particle accel 


erators in your radiation 


Specifications 


lon beam: 50 pa total | engineering program 
25 wa analyzed : 
Electron beam: 100 pa for external use 
250 wa for x-ray production 
lon-beam energy stability: + 2 keV 
Electron-beam energy stability: + 40 keV 


Overall dimensions:....height . . . 6 feet, width .. . 4 feet 
generator tank length . . . 61% feet 
analyzing system length . . . 10 feet 

Weights, accelerator and mount: 6000 pounds. 


7 UNIVERSITY ROAD CAMBRIDGE 386, MASSACHUSETTS 


Want more Information? Ose post card on last page. 





NEW SAFETY-DESIGN 
FUME HOOD for handling 
Radioactive Isotopes 


Design approved for use by Oak Ridge Institute of Nuclear Studies 


These Hoods Now in Stock 
at Greatly Reduced Prices. 


@ Air foils at hood face allow air to enter without turbulences. 


@ Low Velocity . operates with less than half the CFM of air 


needed on a conventional type hood. 


@ Air current directed across working surfaces removes heavy 


gases. 


@ Entire interior of hood is stainless steel for easy decontamination. 


@ Steel grating supports working surface, giving load carrying 
g I 


capacity up to 400 Ibs. per sq. ft 

@ Equipped with blower switch, warning light, and ‘‘over load”’ 
warning bell. 

@ All service controls outside—no reaching in. 


@ Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in 
Five inch Stainless Steel Sink welded into top. 


Precision built by Kewaunee Mfg. Co., one of America’s oldest and 
largest makers of fine Laboratory Equipment, including all types 
of Stainless Steel Equipment for Radioactive Laboratories. 


We also manufacture Laboratory Tables, Sinks, etc., for 
all types of Laboratories. Representatives in Principal Cities 


J. A. Campbell, President 
5083 S. Center Street Adrian, Michigan 


Want more information? Use post card on last page. 


excessive resistance or insulation leak- 
age with respect to individual wires. 

Mass Spectrograph (2,622,204 
\. FE. Shaw, W.  Rall—improved 
double-focusing mass spectrograph has 
subassembly for collimating and elec- 
trostatically deflectingion beam. Pho- 
tographic-plate positioner allows nu- 
merous exposures without removal 
lrom vacuum system. 

Radioactive Particle Counting 
2 622.208) W. Bernstein, R. Ballen- 
tine—easily dismantled counter com- 
prises two insulated electrodes mounted 
on a brass plate surrounded by a 
removable envelope which can be 
evacuated and continuously supplied 
with counting gas. 

lon Source (2,624,009) R. R. Wilson 

multiple ion source capable of eon- 
tinuously producing a copious supply 
Ol gaseous 1ons. 

Remote Control Pipetting Unit 
(2,624,656) H. C. Andrews, J. F. 
Gifford— pipette assembly has remotely 
controlled horizontal and vertical move- 
ment, fluid flow, interior flushing, and 
external washing. 

Apparatus and Method for Meas- 
uring Magnetic Flux (2,624,783) V. A. 
Nedzel—-strength of unknown field is 
determined by combining in opposition 
and measuring the difference between 
two emf’s—one proportional to a 
known field and the other proportional 
to the unknown field. 

Method of and Apparatus for 
Accelerating to High Energy Elec- 
trically Charged Particles (2,624,841 
IK. M. MeMillan 


Charged particles are ac- 


describes the syn- 
chroton. 
celerated by increasing the ratio of 
magnetic field strength to frequency of 
electric field oscillation, while main- 
taining the field constant. 

lon Source (2,624,845) R. W. Thomp- 
son-—-source for an ionic mass sepa- 
rating apparatus. Unit utilizes a 
sealed receptacle containing a rela- 
tively pure anhydrous charge material 
that is to be vaporized and ionized. 

Ballistic Electrometer (2,624,847) 
W. P. Jesse, J. W. Broxon, W. H. 
Hineh—measures and records ex- 
tremely small electric currents, such as 
ion currents produced in ion chambers 
subjected to low intensity radiation. 

Arc Hash Analyzer by Cathode-Ray 
Tube (2,624,860) W. R. Bake 


in visually presenting on the cathode- 


useful 


tube screen the wave form existing 
during a selected time interval of any 
section of an electrical signal. 

Method of Electrodepositing Nickel 


2,625,507) S. A. Mayper 
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vder having particle size of 
With inert cathode, 
on anodes, and solution 
iM sodium and 1M 
ist current carried 
maintain constant nickel 
n concentration 
Coincidence Circuit (2,625,653) L. F. 
W outers—wit} photomultiplier-tube 
cuit, useful for deter- 
hase relationship between 
iccelerating radiofrequency voltage 
ind particles of a particle accelerator. 
Monitoring Gas for Radioactive 
Xenon (2.625.657) W. R. Kanne 
onization chamber is arranged so that 
carried along by the incoming gas 
re grounded out prior to the gas 
entering the ionization chamber. 
Method of Making Zirconium Tetra- 
chloride (2.626.203) W. B. Blumen- 
thal—Zrl ~ reacted with MgCl. at 
350-900° C: ZrCl, distilled from reae- 
tion mas 
Method of Polymerizing Trifluoro- 
chloroethylene (2,626,254) W. T. Mil- 
I \lavnard polytrifluoro- 


hvlene prepared by con- 


pletely halogenated acetyl 
ieetic anhydride to produce 
f the acetyl compound in 
untaining at a temperature 
ose the peroxide and to cause 
Iyvmerizatior 
Beam Extractor (2,626,351) W. M. 
1 itus removes charged- 
from accelerator by 
high-voltage pulse to 
deflecting electrodes when ions of a 
desired energy level are within the 
influence the electrodes. 
Target for Particle Accelerators 
2.626.359) F. R. Weber, Jr.—target 
issembly mounts a number of samples, 
illates any one of the samples in the 
beam for uniform irradiation, and 
changes sample targets by remote 
control 
Comparative Photometer (2,626,- 
989) A. A. Brown—method and ap- 
x“luction of comparative 
relative motion be- 
parative photometry as- 
m | the objects to be scanned. 
Amplifier Circuit for Testing (2,628,- 
268) Q. A. Kerns—circuit for determin- 
oltage characteristics pro- 
ium = oof distortion of 
iplitve itput 
Shielded Switch Assembly (2,628,- 
ue! magnetically oper- 
idapted for use in 
irbing magnetic field 
romagnetic shield in the 


ignetic control elements 
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Win chester lSlectronics 


To an established and 
proven record of original 
Connector designs we add 
a NEW 


KISS 
15-CONTACT 
RECEPTACLE 








CONNECTOR RECEPTACLES 
FOR PRINTED CIRCUITS 


é ae 
Wide Wee DESIGN...An original Winchester creation 


developed expressly for printed circuits. 


ACTUAL 

— SUPPLY...A complete line of receptacles for 

ALL printed circuit requirements. 

K3S K25 ' ee ' ee 
$-CONTACT 2-CONTACT QUALITY... Again, as always, electronic com- 


RECEPTACLE RECEPTACLE ponents of precision manufacture embodying 
» K2S and K3S individu. | the quality features that distinguish Win- 


ally...or together...or in mul- 
tiple groups to suit your particular chester Electronics’ Connectors from all others. 





requirements. 


(Receptacles with 6, 10, 18 and 
22 contacts available soon. Other 


eT SPECIAL FEATURES 











POLARIZING pin permits engagement in correct position only. 

WIPING ACTION of contacts insures positive contact at all times. 
MONOBLOC* CONSTRUCTION eliminates unnecessary creepage paths and 
reduces the number of moisture and dust pockets. 


MOLDED MELAMINE bodies (in accordance with MIL-P-14) mineral filled 
.are fungus-proof and provide mechanical strength as well as high are 
and dielectric resistance. 


CONTACTS are spring temper phosphor bronze (QQ-B746a), gold plated 
over silver for low contact resistance, prevention of corrosion and ease of 
soldering. 

Raised barriers between contacts increase surface creepage. Solder cups are 


.043” dia. for #20 A.W.G. 


*Trade Mark Patents Pending 


¢ 
w i N c H E ST E R t Our Sales Department invites your inquiries. 
EL EC TRO N ic Ss Wire or write for catalog of other types 


or advise us of your special requirements. 


INCORPORATED WEST COAST BRANCH 


1729 WILSHIRE BOULEVARD, SANTA MONICA, CALIFORNIA 
GLENBROOK, CONN., U.S.A. 


Went more information? Use post card on last page. 75 





PRODUCTS ano MATERIALS ——__— 


Vacuum Gage 

National Research Corp., 70 Memo- 
rial Drive, Cambridge, Mass. The 
type 511 vacuum 
gage has ranges of zero to 1,000, 100, 
10, 1, 0.1 and 0.01 mm with accuracy 
of +2% of full scale; in the last range 


battery-powered 


it measures to 0.0001 mm. Similar to 


hot-filament vacuum gage operation, 


ionization current produced by alpha 
particles is measured by a d-c ampli- 
fier, Since response is in- 
stantaneous, the gage may be used as 


a leak detector. P-1 


pressure 


Scintillation Counter 

Nuclear Research and Development, 
Inc., 1094 Sutter Ave., St. Louis 5, Mo. 
The Radimax scintillation counter is 
adaptable to various counting problems 
by using the following counting heads 
with a single phototube housing: 
windowless alpha, beta, gamma rotat- 
ing planchet (see illustration); three- 
position turret head for any combina- 
tion of gamma, beta, alpha or neutron 
phosphors; collimated medical head; 


standard gamma head with variable- 


16 


size erystals; and standard beta head, 
with anthracene or plastic phosphor. 
The basic unit consists of a RCA 5819 
magnetic shield, and 


(P-2 


tube, mumetal 


dropping resistors. 


Scintillation Plastic 


National Radiac, Inc., 10 Crawford 
St., Newark 2, N. J. 
lation plastic, sensitive to gamma, beta, 
alpha, X-rays and ultraviolet light, has 
a decay time of 1.0 kK 10°°. sec. 
Tested with radium gamma rays, it is 


Sintilon scintil- 


claimed to show a counting rate of 90% 
when compared with an anthracene 
the The 
plastic can be molded or machined and 


P-3 


ervstal of same weight. 


is transparent and durable. 


Dosimeter Charger 


Victoreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. The mode! 
561 dosimeter charger charges all 
makes of direct-reading pocket dosime- 
ters in the range 110-225 volts. Off- 
knob 


charger socket prevent damage to the 


on-charge and — spring-loaded 
dosimeter due to excessive pressure by 
the operator. The 3-lb unit is water- 
Power supply is ten 22! 5-volt 


P-4) 


proot, 
and one 114-volt batteries. 


Film Hanger 
Bar-Ray Products, Inc., 209-25th St., 


Brooklyn 32, N. Y. This film hanger 
allows instant loading and unloading 
of X-ray films without the use of clips, 
thus avoiding clip holes, films sticking 
together or film 
Made of stainless steel, it is available 
in 10 and 14-film holders. P-5) 


scratched surfaces. 


Want more information? 


Use post card on last page. 


Counting-Rate Meter 


Isotope Developments, Ltd., Finsbury 
Pavement House, 120 Moorgate, Lon- 
don, E. C. 2, England. The type 550 
counting-rate meter has ranges of zero 
to 10, 100 1,000 (i-M 
counters and 10,000 eps for scintillation 
The 


range to 


and eps fol 
or proportional counters 

510 the 
100,000 eps. Deadtimes of the ranges 
10 to 10,000 are 2,000, 200, 200 and 20 
respectively. require- 
height 
Accuracy is 


type 


prescalet extends 


psec Input 


ments are positive pulses of 


than 5 volts 
better than +1%, 

t+ 1.0% in & hi 
better than 1.0% with 10% change in 
voltage. A 
continuously variable between 300 and 
600 


greater 
full seale; drift is 
- and regulation 


line high-voltage supply, 


halogen- 


P-6) 


volts is provided for 


quenched G-M counters 


DANGER f 


Source Container 


Tracerlab, Inc., 130 High St., Boston 
10, Mass. The E-31B high-intensity 
source container holds up to SOO me of 
activity. fadiation from an SOO-me 
Co*’ source is <10 mr/hrat lm. An 
outer shell of 3¢-in. malleable 


filled lead 


equivalent_to fin. of lead 


Iron 


with provides shielding 


The cover 
/-in. 


pivots up and back, erecting a 
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| between the exposed source 


use} A lead 
in diameter and 1 in. long, 


removable 


The container weighs 


P-7) 


In high 


Neutron, »-Ray Dosimeter 


Landsverk Electrometer Co., 550 W. 
Garfield Ave., Glendale 4, Calif. 
This combined neutron and gamma-ray 
made as a direct-reading 

dosimeter, model L-29, and 

model L-69. The 

g for X and y-rays Is 

vy and thermal neutrons, 


g is 200 mrep. P-s) 


Organic Scintillators 


Pilot Chemicals, Inc., 47 Felton St., 
Waltham 54, Mass. 
- can be used in solution, in- 


These fluorescent 


n plastics, or grown into 
Among the fluors 
tetra- 


(P-9) 


vstals 
diphenylhexatriene, 


diene quaterphenyl 


Sample Spinner 


Radiation Counter Laboratories, Inc., 
Dept. FP-2, 5122 W. Grove St., 
Nucleonic Park, Skokie, Ill. This 

e spinner is designed for the 
preparation of samples from slurrys or 

irticulate dispersions in solution. 
The 4-in.- 
ter spinner is made of copper with 
(P-10) 


Turntable speed is 20 rpm. 


hrome plating. 
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Bismuth-Cathode Tube 

Nucleonic Company of America, 497 
Union St., Brooklyn 31, N. Y. The 
BG M2 G-M 


counter tube is an all-metal, sausage- 


model bismuth-cathode 


type gamma tube with helium and 


Its sensitive 
anode Threshold is 
1,000 volts; operating voltage is 1,050 
1,200 volts; slope is 3% per 100 volts. 


organic-quenched filling 
length is 5 in 


Tube is claimed to have no photosensi- 


tivity and life of 10° counts (P-11) 


Thyroid Uptake Shield 

The Atomic Center, Inc., 489 Fifth Ave., 
New York 17, N. Y. The thyroid 
uptake © shield, the 
Atomlab gamma-sensitive bismuth- 
coated G-M tube, is used for thyroid 
uptake 


and general scanning purposes. 


togethe with 


accumulation measurements 
The 
shield consists of a 34-in. lead housing 
for the tube, eneased in chrome-plated 
with 
215 x 2) 


brass, over-all dimensions of 

¢«x99m. AS5BX!1 . rec- 
the 

covered by a sliding lead shutter when 


bods The 


shield can be supplied with an attach- 


tangular opening on bottom is 


not in use for surveying. 
and yoke for swivel mount- 
standard X-ray 
with a wooden platform which can be 
P-12) 


ment bar 


Ing onto any stand or 


bed-supported 


Tracer-Dose Containers 
Plax Corp., 76 Talcott Rd., West Hart- 
ford, Conn. Squeezable polyethylene- 


Want more information? Use post card on last page. 


plastic tubes provide convenient, non- 


breakable 
for 


containers for radioactive 


tracers diagnostic purposes. At 


present, they are used for shipping 
radioiodine. Contamination is avoided 
since the tube’s suction prevents drip- 


ping and permits rinsing P-13) 





Preset Counter 


Berkeley Scientific Co., 2200 Wright 
Ave., Richmond, Calif. This 


two to model-730 


preset 


counter, using SIX 


decimal counting units, has rates of 
040,000 eps 
form of a 125-volt pulse or '49-see relay 
the 


unit Operates as a high-speed counter: 


Output can be in the 


closure. In the counter position 
in the recycle position, it gives output 
the 


resets, and continues to count 


number 
in the 
gate position, it counts to the preset 


information at preset 


number and stops. Input sensitivity 
is +1 volt, peak to peak, with respect 


to ground. P-14 


iI 


“4 


oe gE Eee 


Air Monitor 


Nuclear Measurements Corp., 2460 N. 
Arlington Ave., Indianapolis 18, Ind. 
The model AM-2 air detects 
and 


monitor 
radioactive materials in 
bell 
lights warn of the presence of dangerous 
Air is continuously 
lead-shielded 
paper. A 


records 


the air; an alarm and flashing 


amounts, drawn 
cylinder of 

G-M 
detects 


through a 
filter 
tube centered in the evlinder 


halogen-filled 


deposited radioactive material Pulses 


from the tube are indicated on a count- 


77 





ing-rate meter and recorded by an 


Esterline Angus recorder. Counting- 
rate ranges are 0-2,000, 0-10,000 and 
0 20,000 


automatic. 


changing s 


P-15 


epm; range 


G-M Scaler 


Able Scientific Glass Apparatus Co., 
5041 W. Lake St., Chicago 44, Ill. 
The model 147 scale-of-64 scaler has an 
input sensitivity of 44 volt. Resolving 
time is less than 5 usee to pulse pairs. 
High voltage is continuously variable 
from 500 to 1,500 volts: 


bration is 2% of full seale. 


meter cali- 
The count 
is presented on a four-digit mechanical 


register. (P-16 


Pulse Generator 


Radiation Instrument Co., Box 733, 
Silver Spring, Maryland. The mode! 
401 
amplitudes in 10 steps from 1 mv to 


pulse generator provides pulse 
1 volt, positive or negative, from an 
internal With an 
supply, the generator gives pulses up 
to 45 volts, continuously variabl 
The repetition rate is 3,600 ppm. 
Rise time is <0.003 psec; R-C decay- 
times of 1, 10 100 psec are 
selectable. (P-17 


supply. external 


and 


Stegm 0: Gor 


Gas Purifier 


V. D. Anderson Co., Purifier Division, 
1935 W. 96th St., Cleveland 2, Ohio. 
The Hi-eF line-type purifier is claimed 
to remove virtually 100% of dirt and 
moisture from steam, gas, and vapor 
lines through a stationary centrifugal 
separating element. The 
made in all standard sizes up to 24 in, 
600 psig; 
sizes and special designs are made to 
order. All units 
flanges with borders of 


purifier is 


for pressures up to larger 


have forged-steel 
welded-steel 


construction. P-18 
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Micromanipulator 


Microchemical Specialties Co., 1834 
University Ave., Berkeley 3, Calif. 
This inexpensive rack-and-pinion-type 
micromanipulator has 2 in. of travel 
The tool holder 


hand vise ot 


in three planes. 


accommodates small 


tools, glass rods. 


special tubing or 
The Benedetti- 


Pischler techniques and may be used 


instrument handles 


with a stereoscopic 


(P-19 


in conjunction 


microscope at low power, 


Standard Inductors 


General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 
The type 1482 standard inductors, in 
1, 2, 5-unit values, are available from 
100 wh to 1 hz 0.1% 
0.25% for 100 and 200 wh inductors). 
Each unit has a calibration certificate 


Accuracy is 


resistance, 
(P-20 


including inductance, d-c 


and temperature coefficient 


Sources and Absorbers 


Isotopes Specialties Co., 3816 San 
Fernando Rd., Glendale, Calif. In- 
the 
alpha, beta and gamma 
deter- 


cluded = in calibration sources 
offered are 
sources and split sources for 


mining coincidence correction of radia- 


Want more Information? Use post card on last page. 


Absorber 
sets include twenty-five aluminum and 
» lead disks 


> curves for beta-part 


tion detection instruments. 


rive come 


selected to gi 
| soft 


eles une 


Fractionation Apparatus 


Beckman Instruments, Inc., South Pasa- 
dena, Calif. 


vection apparatus is claimed to carry 


The ele« trophoresis-con- 


out the separation of proteins possess- 
ing closely related physical and chemical 
properties unfractionable by previous 
The 
fractionation cell, two platinum elec- 
the buffer 
houses the fractionation cell and elec- 
the control 
L110 a-e 
buffer circulation pump. Several frac- 


he conducted at the 
P-22 


methods. apparatus includes a 


trodes container which 


trodes, and unit which 


contains the powel pack and 
tionations may 


same time by cascading units 


Volumetric Flasks 


E. Machlett & Son, 220 E. 23rd St., 
New York 10, N. Y. The 
volumetric flasks Schellbach- 


background superimposed on a 


l;mson 
have u 
type 
graduation mark filled in with vellow 
The 


which the solution level is seen, 


pigment background, against 
con- 
sists of a vertical blue stripe running 
through a white area, Stoppered and 
unstoppered flasks are available from 


10 to 2,000 ml. P-23) 


Electrometer 

Special Instruments Laboratory, Inc., 
1003 Highland Ave., Knoxville, Tenn. 
The model 
d-c voltages 


145 electrometer measures 


from 0 to 150 mv and 
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irrents of 10°%-107'® amperes. A 
range switch selects input impedance VICTOR EE | POCKET DOS IM ETE 4 S 
values of 10°, 10", 10", or 10!? ohms : : 
vines the Gist Ghatdiacteied. taal Engineered for Lasting Performance 
impedance of the probe is fixed at 10" 

The instrument can be cali- 
rated for any full-scale deflection 
from 30 to 250 mv Sucking voltage is 
le from a 10-turn Helipot at 1 


full seale. 











The Model 541,/A Pocket 
Dosimeter consists of an 
hermetically-sealed ioniza- 
tion chamber with a built- 
in quartz fiber electrometer 
(0 to 200 Milli-roentgen ) 
and optical system for di- 
rect reading of exposure to 
X-ray and gamma radia- 
tion at any time. 


OUR GUARANTEE OF CHAMBER PERFORMANCE 


Thorough engineering to ensure that these 
Recording System chambers, when made available, would be 


Edin Co., Inc., Dept. E-6, 207 Main St., the best. 
Worcester 8, Mass. The Consolette X-ray and Cobalt calibration—using facil- 


i recording system with a-c, d-e or ities second to none—so that we know their 
carrie! amplifiers with an oscillograph performance. 
recorder. The system can be ex- Careful production and 
panded from 2 channels to 4 or 6 : 


channels by the addition of recording hermetic sealing—in 


galvanometers and amplifiers. Ink- electronically filtered, VICTOREEN 
561 CHARGER 


Designed to charge oll standard direct 


writing galvanometers cover the range air-conditioned as- 


£ 
from d-e to 300 eps. Recorder chart- sembly rooms. 
paper speeds are available from 0.1 Thorough elec- 
mm/sec to 625 mm/sec; 3 or 9 inclusive ; reading quortz fiber dosimeters to any 
chart speeds are optional. Space is trical, sructacal, voltage between 110 ond 225 volts 
provided for chart rolls and accordian- = and environmen- © Spring-looded charging socket 
folded multichannel chart paper. — = tal testing—to © Single off-on-charge knob 
(P-25 : rigid specifica- © Compas, weteqpact exte 
tions. * Battery operated 


Ask for bulletin 3012 con- 
taining detailed specifica 


tions for all Victoreen 
dosimeters ond chargers 











Decade Counter Switch 


The Daven Co., Dept. DC, 191 Central 
Ave., Newark 4,N. J. The model 410 


decade counter switch is designed for 


Vol. 11, No. 4- April, 1953 Want more Information? Use post card on last pege. 








INDUSTRIAL 
PERISCOPES 





; KOLLMORGEN ; 


| 








DESIGN 
DEVELOPMENT 
MANUFACTURE 





For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 


a . 
KOLEMORGEN @ 


CORPORATION 


Plant: 347 King Street + Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 


80 


a af 
OPTICAL SYSTEMS 





series ol 


| and reflector voltage. 


work which requires indication of shaft 
position at a remote point. Analogous 
to operation of a visual counter indi- 
cator, electrical contact is provided in 
place of each digit seen on the scale 
of the number wheels. Five contact- 
panel decades provide a total of 99,999 
switch positions; the number of panels 
can be varied. The unit operates up 
to 500 rpm and has 1,000-volt, d-c, 


insulation. (P-26) 


Miniature Pressure Transducer 


Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 8, 
Calif. The type 4-310 pressure trans- 
ducer, 45 In. 


in diameter and 3% in. 


long, is designed for direct insertion 
into a process vessel or stream of liquid 
or gas. Available ranges are 5, 15, 50 
and 150 psig with nominal open-circuit 
sensitivity of 1.5 mv/v at full-rated 
pressure. Temperature range is —65 
to 165 F. 


recorders or visual indicators, 


The unit may be used with 


(P-27 


Microwave Signal Sources 

Polarad Electronics Corp., 100 Metro- 
politan Ave., Brooklyn 11,N. YY.) This 
signal sources 
10,750 Me, in 


read 


microwave 
covers the range of 634 
can be 


units. Frequency 


10% 


five 


directly to accuracy. A _ reflex 


| klystron is the source of energy; a 


single dial controls cavity frequency 
Modulation in- 
puts for the signal sources are available 
on the front panel. (P-28) 


Want more information? Use post card on last page 


Regulated Power Supply 

Kepco Laboratories, 131-38 Sanford 
Ave., Flushing, N. Y. The model 700 
regulated power supply delivers 0-750 
ma, continuously 350 
In the range 30-350 volts, out- 


variable from 0 
volts. 
variation is <!o% for 
105-125 


load variation from minimum 


put voltage 


line fluctuations from volts 


and fo 
tipple is <10 


P-29) 


to maximum current 


mv, peak to peak 


Air Filter Tester 

Trion, Inc., 1000 Island Ave., McKees 
Rocks, Pa. This portable instrument 
tests the efficiency of all types of ai 
filters. Air samples are drawn through 
filter 
ment of light transmission through the 


paper; photoelectric measure- 


paper then determines the degree of 
air contamination. <A continuous rec- 
ord for any time period is claimed to 


have an aceuracy of 10-95% (P-30 


Recorder Camera 
Pacific Laboratories, 12808 Venice 
Bivd., Venice, Calif. The type V-10 
controlled 


remotely camera 
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35-mm, 





operates continuously at 16 frames/sec 
or intermittently at preselected rates. 
Operating conditions are —950 to 
Is0° F, O to 85,000 ft, and 95% 
humidit) Power requirements are 5 
amperes at 22-29 volts, d-c. The 
camera weighs 13 Ib and occupies 
300 in (P-31) 


Portable Gas Analyzer 


Gow-Mac Instrument Co., 22 Law- 
rence St., Newark 5, N. J. The Gas 
Master is a portable instrument for 


“MI 


uy 
T E SOLVES 


CHEMICAL PUMP PROBLEMS 


The Eco All-Chem Pump is the All-Teflon and stain- 
less steel pump that handles 70 percent of cor- 
rosive chemical requirements in Lab., pilot plant 
and small volume pumping in production service. 


quantitative gas analysis by means of 

ve thermal conductivity. Re- 

me is said to be less than 30 

onstruction permits use of a 

e gus as a reference; op- 

tional connections are provided lor a 

recorder. Dry cells supply current for 

portable operation; an external 6-volt, ; : 

Simplify selection; standardize on fewer types, 
models, sizes; minimize maintenance problems. 


d-« source MAY he used. (P-32 


READ THE SPECS .. . SPECIFY AND TRY 


e Type Pump: Positive displacement with two opposed 
axially oscillating impellers equivalent to duplex piston 
operation. 

e@ Volume: Y2 w 10 g.p.m. maximum at 1750 RPM 
(water). 

@ Pressures: to 70 psi. 

@ Suction Lift: Highest over widest temperature and vis- 
cosity range. 

@ Corrosion Resistance: Lowest corrosion rate due to in- 
ternal flow pattern. Handles all chemicals that stainless 
steel No. 316 will handle. 

© Pump Operating Characteristics: Linear delivery. No 
air entrainment. Non-foaming. Unequalled for safety in 
handling hazardous liquids such as nitric acid and hydro- 
gen peroxide. Self-priming on non-volatile liquids. 

@ Drive: Applicable to direct motor drive at 1750 RPM, 
as well as to all other standard driving methods. 


Photomicrographic Unit 
Lovins Engineering Co., 8203 Cedar 
St., Silver Spring, Md. The Plenary 
microscope provides for cinemicrog- 
vith 16-mm or 35-mm camera, 
xuamination with eyepiece or 
iss, and photomicrography 
wrography with up to 5 in. 
lm or plate Changeover 
to motion camera, with 
vepiece observation, is in- 


An incubated stage vol- 
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ENGINEERING COMPANY 


regulated to +0.05° FF. Speei- Soe ee ee es ess !? New York Avenue « Newark ] # New Jersey me 


operating temperature of 
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From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 


No more blind connectors 


BACK CONNECTORS 
Get accessible central 
check point for incoming 
and outgoing leads 


Color coding 


Accessible 
uncongested 
solder terminals 


EASY SERVICING AND RAPID CIRCUIT CHECKS 


Solder terminals easily accessible and uncong 
for multiple contact wiring, Color-codin 
lead color lent 


check to 


ont 
connector, Correspondin to 
each lead for instantaneous main circui 


or trunk line 


Permit direct Avoid conventional 


efficient wiring rats nest wiring 


EFFICIENT CIRCUIT WIRING 


Connectors can be mounted where 
allow for isolation of critical voltage 
ce to provide most direct wirit 
ponent to connector to climinate rat-n 


of conventional methods 


—_P- 


Floating 
c lip action 


Generous 
bell-mouthing 


EASY is ay age AND REMOVAL 

Made possible by large bell-mouth entrie and 
ample hoot of rugged live um copper 
contacts, Wide mating tolerances eliminate critical 
unit alignment probieen 


Stacked ®& 


action beryl 


. < 
Boss hole s . 
s ~ @ Boss 


- 
“““~EScrew hole 
EASY MOUNTING 


Single screw for mounting flush or stacked 
locating boss positions and locks co 

on unit when flush mounted 

lines up and positions connectors to 
Mounting 


SEND FOR FREE SAMPLES 


Alden 


Flush 


also request free 
Handbook” 


niques and components tor LU ni- 
tized Plug-in Unit Construction 


226 pages of tech 


Ch) 

et) Aro EN Prooucts Co. 
in) A 

147 N. Main St. 


Brockton 64 Mass. 


mens may be translucent or opaque 
Illumination may be 
polarized light, dark 
light light, or 


P 99 
“Oe” 


ind up to 50 Ib. 
ph ise contrast 


held, imeident oblique 


ght field 


Decade Counting Assembly 


Box 1246, 
100 


Digital Instrument Co., Inc., 
Coral Gables, Fla. The 


digital decade-counting 


model 
ussemb! may 


be used as a simple divider, a counter 


eountel 


its three 


with indicator, or as 
Only 


a preset 
vith indicator. one of 
required for 


100,000 


components Is operation 


over the range O cps Al] 


interchangeable. Power re- 


volts at 


units are 
quirements are 6. 1.2 amperes 


10S volts at 


; 
7 Units can be 


ind mist 


cascaded indefinitely. Dual preset can 
he obtained with two preset switches 
P-34 


a single counter. 


Thermistor 

Victory Engineering Corp., Spring- 

field Rd., Union, N. J. The type 71A2 
temperature coethi- 

Sat O° C. Its resist- 


thermistor has a 
cent ol 12 ( 
megohms at 0° C and 38 
The 


element is sealed in glass 


ince is oO) 
resistance 


P-35 


megohms at 50° © 


Digital Computing System 
315 Fourth Ave., 
The ERA 1108 


computing system 


Remington Rand, Inc., 
New York 10, N. Y. 
digital 
provides storage capacity up to 17,408 


electroni 


registers plus unlimited magnetic tape 
operating speed of 
addition. The 


automatic 


storage at an 


6H) MSet per unit ol 


applicable to 


system 1s 


Want more information? Use post card on last page 


control as well as scientifie 


Input-output 


process 
systems 
adaptable 


card 


computation, 
to which the 


include magnetic 


system 1s 
tape readers, 


photor lectri tape readers analog- 


erters process-actuating 
high-speed tabula- 
weighs 10 


AOO elec tron tubes 


Cony 


mechanisms, and 


tors The tons 


ind has } 


computer 


> 20 
P-36) 


Speed Recorders 

Metron Instrument Co., 432 Lincoln St., 
Denver 9, Colo. The series SIM strip- 
chart Klectric 


type with 


recorders are General 
Cr-5 instruments modified 
tachometer indicators and heads to 
speed; the 
different 
virtually any 
10,000. Charts are 4 in. 


50 or 60 


] ! 
record recorders are inkless. 


Kighteen speed ranges are 


iVallable in units trom 
0-50 to O 
and have 


Duty is 


wide, 65 ft long 
continuous 


P-37 


minor divisions 


up to 50 day 


i} s ona roll 


Cathode-Ray Tube 

Waterman Products Co., Inc., 
Emerald St., Philadelphia, Pa. 
3XP cathode- 
for miniaturized oscilloscopes, is 
light output 


2445 
The 
model] ray tube, designed 
said 
to provide four times the 
the 


tube 


and twice vertical sensitivity of a 


con parable operating at similar 
sacrihemg 


The 


and 


anode potentials without 
interelectrode = ¢a 
with PL, P2, P7 


(P-38 


low pacities 
tube is 


PI | phosphors 
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available 





Tg 


Ultracentrifuge 
Corp., 668 
Calif. The 


ng-bucket rotor can 


Specialized Instruments 
O'Neill Ave., 


type S&Wov 


Belmont, 
went ive three separate 5.5-cem 
ree of 178,485) times 
mum speed of 39,460 
conditions ap- 
onventional sectoral 
roviding minimum 
oundaries upon de- 
\ plastic 
tate attachment and 
outside 


stand is 


the oper - 


Frequency-Time Counter 

Potter Instrument Co., Inc., 115 Cutter 

Mill Rd., Great Neck, N. Y. The 
odels S40 and S50 frequency-time 
sunters directly 
» 1 Me 


vithin 10 usec. Elapsed time is meas- 


count lrequencies up 
r time the period of a cycle 


nerements variable from 10 
Sec Two unknown fre- 
in be compared or a stand- 
oduced. For use as a second- 
lard, outputs are provided at 
1 ke, and 100, 10, and 


(P-40 


Ferro-Resonant Flip-Flop 


Computer Research Corp., 3348 W. 
El Segundo Blvd., Hawthorne, Calif. 
5: ro-resonant flip-flop 


Tr} 1 { 
The model 133 fer 
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When designing any plug-in unit 


REACH FOR THIS BASE 


Holes to take brackets 
ALDEN or bail, kept well away 
20-PIN 


from corners. 
Also 11-pin | 
& MIN. 
7 & 9-pin 


Molded boss to hold 


mounting card 


lapped 


! - | 
All prongs numbered. side holes. 


IGNED 


DES SPECIFICA 
PLUG-IN UNIT T 


Y FOR 
CONS Cc 


LL 
RUCTION 
TREMENDOUS 
FLEXIBILITY 
Bases are complemented | 
tandard Alden comp 
handle bracket hou 
tert il cards to lick a 


1 | 
yp eu 
. t 


NON-INTERCHANGEABLE 
COLOR CODED 


Choice of variable pin 
ter! uarantees awain 
aes or nem Rack-mountin 
Sockets to mate 
Base pattern 
Also 20-pin, 11-pin, 9-pin, 7-pinMAisNG SOCKETS 
Request free 1 Hand 

book’ of Plug-in Unit Construction 


147 WN. Main S., Brockton 64, Mass. 


piu nto il n 


amples and free b-page Nice 


=) 
- ed 


Motorized For Sequence and Remote 


Set the Robot-Star just once, and 
you're all set for as many as 24 
(or 48) exposures, made singly or 
in rapid-fire sequence, as fast as 
8 per second! Robot-Star automat- 
ically moves film and resets shut- 
ter after each exposure. Sur- 
passes human efficiency because 
of its built-in clock-work motor. 
Remote control release and other 
accessories bring new camera 
applications never before thought 
possible in science and industry 
as well as for personal use 
Takes any standard film—color, 
too. Gets 50% more pictures, 
with 55 exposures instead of 36 
per loading. Choice of Schneider 
lenses, wide angle to telephoto. 
For new camera thrills — get 
Robot-Star—from $217.50 


Write for authoritative treatise N 
**'New Techniques in Photography for Industry 
and Science '—Sent without charge. 


INTERCONTINENTAL MARKETING CORP. 
251 Fourth Avenue « New York 10, N. Y 


Want more information? Use post cord on last page 


AVOID THESE TROUBLES 
OF USING TUBE BASES 
FOR PLUG-IN PACKAGES 


RIGID BRITTLE 
BOSS BREAKS 


Th 


LEVERAGE OF 
LONG PINS 
CRACKS BASE 


etly 


LONG PINS 
BEND EASILY 


hen bases 


START RIGHT WITH ALDEN BASES 
Bases specifically designed 
for Plug-in Unit Construction 


Standardize on 
md your De 


Control Photos 


action every: 
time because 








operates on a fraction of the power 
needed by a vacuum tube of compara- 
ble output and delivers more than 90% 
of the Input energy us usable output. 
It operates at up to 100 ke and has high 
power gain. It is also claimed to have 
immunity to shock and the ability to 
withstand wide temperature, humidity, 


ind pressure changes 


A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.”’ 





McGraw-Hill Publishing Com- 

pany, Room 2710, 330 West 

42nd St., New York 36, N. Y. 
Water Demineralizer 

Penfield Mfg. Co., Inc., 19 High School 

Ave., Meriden Conn. The model 

SC Oo Pp E D oO L LY M-100 demineralizer, with a capacity 

of 4,500 grains, provides up to 100 gph 

Model 1 of water equivalent to triple distilled; 

Convenient Height and Viewing Angle operating cost is claimed to be con- 

Adjustable to Hold Portable Scopes siderably less than that of distillation. 

Ball Bearing Swivel Rubber Tired Casters Water intake is controlled by a flow 

Lightweight Aluminum Construction meter on the influent. Installation 

Recommended by Laboratories Wherever Used space required is 2 X 2X 736 ft. The 


$35.00 FOB Louisville, Ky. exchange resin is regenerated by a 


Formerty manufactured by UNIQUE DEVICES system that is an integral part of the 
Now manufactured and sold by unit p-42 


TECHNICAL SERVICE CORPORATION 


3116 Michigan Drive Louisville 5, Kentucky 

















MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 

Computing Devices of Canada Ltd., 


your old address, too Contract Department, Box 774, Ot- 
RK U C L E Oo N | cs tawa, Ontario. The type C020 har- 

monic generator provides a 400-cps sine 

Circulation Dept. waveform and the 2nd, 3rd, 4th, 5th 


330 Ww. 42nd  * New York 36, N. : - and 7th harmonies of this frequency. 


The phase of each harmonic voltage is 


Want more information? Use post card on last page. April, 1953 - NUCLEONICS 





Harmonic Generator 














lv adjustable over a range 
grees with respect to the fun- 
Instrument was designed 
with a 


emonstration purposes 


\ oscilloscope. (P-43 


D-C Power Supply 


Electro Products Laboratories, Inc., 
4501 N. Ravenswood Ave., Chicago 40, 
Whe 7] odel C-12 


DI es 0-16 volts. d-e. at | S amperes 


power supply 
output and up to 12-ampere 
Filtered 
hum ol ripple to < 3% at 


P-44) 


ttent output erreuit 


Recording Camera 


J. A. Maurer, Inc., Photographic In- 
strumentation Div., 37-01 31st St., 
Long Island City 1, N. Y. The mark 
} camera operates automatically up 
Film 
21 ft of 35-mm film; two models are 
providing 200 1 &X I-in. 

ind 300 34 X I-in. 


to + ftrames/sec. capacity is 


frames. 
on is powered by a spring 
nitiated by electrical pulses of 
24 volts, d-e. 

io to 'y909 are provided 


P-45) 


Five shutter 


nto a time setting 


Mass-Rate Flowmeter 


Control Engineering Corp., 560 Provi- 
dence Highway, Norwood 25, Mass. 
| his meter 


of fl of mass of anything that flows 


s sensitive only to the rate 
through a pipe. The meter is 
e to volume, since it measures 


e necessary to give the flowing 


Loe 





the | 











Size: 
Ye" x WM" x 17%" 
31.5 Pounds 





























Vi 
ANOTHER EXAMPLE OF 1. *mZeama PIONEERING... 


The SAR PULSESCOPE, model S-4-A, is the 
culmination of compactness, portability, and pre- 
cision in a pulse measuring instrument for radar, 
TV and all electronic work. An optional delay of 
0.55 microseconds assures entire observation of 
pulses. A pulse rise time of 0.035 microseconds is 
provided thru the video amplifier whose sensitivity 
is 0.5V p to p/inch. The response extends beyond 
11 MC. A and S sweeps cover a continuous range 
from 1.2 to 12,000 microseconds. A directly cali- 
brated dial permits R sweep delay readings of 3 
to 10,000 microseconds in three ranges. In addi- 


tion, R sweeps are continuously variable from 
2.4 to 24 microseconds; further expanding the 
oscilloscope’s usefuiness. Built-in crystal markers 
of 10 or 50 microseconds make its time measur- 
ing capabilities complete. The SAR PULSESCOPE 
can be supplied directly calibrated in yards for 
radar type measurements. Operation from 50 to 
1000 c.p.s. at 115 volts widens the field application 
of the unit. Countless other outstanding features 
of the SAR PULSESCOPE round out its distin- 
guished performance. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


WATERMAN PRODUCTS INCLUDE 


$-5-A LAB PULSESCOPE 
S-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
S-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
S-15-A TWINTUBE POCKETSCOPE 


Also RAYONIC® Cathode 
Ray Tubes and Other 


Associated Equipment 


7 ry 
WATERMAN PRODUCTS 


Use post cord on last page. 


i Coriolis acceleration. It meas- 
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Hi-D° 
LEAD GLASS WINDOWS 
IN STEEL WALLS 








> 








‘ 





OF view f 
‘ 


Hi-D Lead Glass Windows provide 
clear, direct, wide-angle, binocular 
vision through heavy gamma-shield- 
0.55; 


ing walls. Lead equivalent 


steel, 1.0 


(‘| 


Send for 
circular G § 





PENBERTHY) 
INSTRUMENT Co., 


666 ADAMS ST.* SEATTLE 6. WASH 




















ELECTRONICALLY REGULATED 


LABORATORY 
POWER SUPPLIES 


e INPUT: 105 to 125 VAC, 
50-60 cy 

e OUTPUT +1: 200 to 325 
Volts DC at 100 ma 
regulated 

(@ OUTPUT #2: 6.3 Volts 

AC CT at 3A unregu- 

lated 





| 





e RIPPLE OUTPUT: Less 


than 10 millivolts rms 


For complete information write 
for Bulletin U-8 


$80 Oe Ae 
CORONA © NEW 


ures multiphase or homogeneous fluids 
erated powders, or pieces falling by 
ivity \leter output reverses when 
values of 


can be measured The 


built howeve! the 


reverses and uty 


lsating flows 


erage 


Is Custom 
vital 
vill be met first. P-46 


industrial and military 


Oscilloscope Probe 


Linear Equipment Laboratories, Inc., 
Brightwater Place, Massapequa, N. Y. 
The HF2A cathode-ray 
cope probe measures low-level signals 


\W ithout 


model oscillo 


in high-impedance circuits 
attenuation by stray 


Output 


signal UsSINY 


capacities impedance is 60 
ohms; maximum undistorted output Is 
1.5 volts 
volts, rms, can be applied to 


Input 


rms. Signals up to 150 
the probe 
Impedance 


without overload. 


on all ranges is 4.5 megolms with 


1.5 put P-47 


X-Ray Spectrometer 
North American Philips Co., Inc., Re- 
search and Control Instruments Div., 
750 S. Fulton Ave., Mount Vernon, 
N. Y. The Noreleo G-M 
X-ray spectrometer has an 
range of 10 to 90 degrees 


counter 
angular 
The angle, 
read directly or from a strip chart, caa 
motor drive; 
0.01 


ree. The X-ray generator provides 


be varied manually or by 


counter position Is readable to 


leu 
aey 


6 ma, and 


50 or 60 


fixed operation at 35 ky 


operates on 200-240 volts 


cycles P-48 
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a 


Analog-Digital Converter 


Coleman Engineering Co., 6040 W. 
Jefferson Blvd., Los Angeles 16, Calif. 
Che standard model Dig 


tizer, an elec- 


chanical analog-digital converter, 
at 18,000 rpm at the 
rotation of the 
is 0.005 in.-0z. 


units 
torque to start 
decade input shaft 
offered in three, four and 

ver can 


P-49) 


Ganged Potentiometer 
G. M. Giannini Co., Inc., Pasadena, 
Calif. The 


yanged potentiometer is available vith 


Gangpot vernier-phasing 


0 to six sections each section 


2 OOO 300,000 


Irom tw 
Vallable in 
six-section unit operates on 
\VIechanical 


CONTINUOUS | 


rotation is 
electrical 


shaft torque 
sOH0) degrees 
360 degrees or less. 


rotation may be 


Sections may have linear or nonlinear 
output, one or two brushes, and taps as 
vernier phasing 


desired Screwdrivet 


2 +().2 degrees 


INDUSTRY NOTES 


& Technical Operations, Inc., 
Arlington 74, Mass., has 
LuValle, formerly 
Kodak 


6 Schou- 
ler Court 
ippointed James E 


research associate at Eastman 


as director of a 


photog: i] } i 


Research Laboratories 
project on fundamental 
theory with emph isis on the chemistry 


and mechanism of development 


Inc., South 


has started construc- 


Beckman Instruments, 
Pasadena, Calif 
tion on a 2-million dollar 200,000-sq. ft 
factory and administrative plant in 


the La 


fornia 


Habra-Fullerton area all- 
First occupancy is exper ted in 


midsummer 


PB Engineering Research Associates, 
Minn 


subsidiary of 


St. Paul , acquired last vear as a 
Rand, Ine., 


s now a division of that company. \ 


Remington 


new department, handling sales of 
electronic computer 
hea led by John K. 


president of ERA 


equipment is 


Parker, 


forme! 


P Isotope Developments Ltd., Fins- 
House, 120 Moorgate, 
has been awarded a 
Ministry of 


Pavement 
London, E. C. 2 
contract by the 


April, 1953 - NUCLEONICS 


bury 


Belgian 





for the equipment of the 


defense with electronic 
The two types ot port- 
pment contracted for are for 


itions and monitoring 


& Ohmart Corp., 2347 Ferguson Rd., 

iti 3S, Ohio has opened district 
and Dallas. 
et managers are Lester F. 


ind John W. Godbey, 


in Chicago 


P Nucleonic Company of America, 497 
Brooklyn 381, N. Y., has 
inced that Alex Dzik is the 


- new sales engineer. 


| st 


PB Nuclear Instrument & Chemical 
Corp., 229 W. Erie St., Chicago 10, Tl 
unced that future advertising 
promotion will identify the 

is Nuclear-Chicago” to 

with having 


miusion firms 


lar to the corporate title 


P Wolfgang Huber, director of chem- 
nd biological research of Elee- 
Chemicals Corp. since 1945, 

1 as vice president of the 
to enter practice as a 
ind research consultant. 
address will be S4 Living- 


BN. X. 


) 


srooklyn 


LITERATURE AVAILABLE 


Reinforced hose. Catalog 35 = de- 


flexible 


te }) il-wire-reinforeced 


| erican Ventilating Hose ('o.. 
dve., N. } (L-1) 


Data sheet 


reco! ders 


Strip-chart recorders. 


SIM vives 


Information on 
ves up to 100,000 rpm. Me- 
ament Co.. A3 2 Lincoln St., 


De ( / ( olo (L-2 


; nol 


Persulfates. Sulletin 34 is a bibliog- 
rapl of properties and uses of 
sulfate BR iffa 0 Electro-Chemical Co.. 


I) tation B Buffalo 7,N.Y. (L-3) 


per- 


Nucleonic equipment. British equip- 


ment deseribed in “Instruments & 
es for Radioisotope Applica- 
The Scientitic Instrument Man- 

1 ssor 4) Queen Anne St., 


Wed England L-4 


Vault doors. Poors that offer fire pro- 
tection are subject of folder SC-72s8. 
Re) ston Rand Inc.. 315 Fourth Ave 

Ve York 10, N. J L-5) 


Alarm system. Naval engineering re- 
rt describes installation of automatic 
m svstem The John Hew- 
#) Water St Vew York 4, 


L-6 
Vol. 11, No. 4 - April, 1953 


cliscusses 

Victory 
Engineering Cor; Rd., 
Union, N. J L-7) 


booklet 


Data 


types and uses of therm 


Thermistors. 
istors 


pr ing fle d 


\eth- 


“assem- 


Assembly and wiring. Ok 
ods” describes techniques for 
bly of wire and cable to electrical 
connectors 


Lie pl. 13R, 
50, Tl. 


ly ericar P) é nolic Corp » 
1830 S. 5 ith Liv Chicago 


(L-S 


dese: ibes 


Folder 


metal 


Packaging Unit. 
foam-rubber-cushioned con- 
Greenwood Packaging Supply 
Vewark 4, 


a F L-9) 


turner. 


Co.. 859-879 Summer Ave 


Galvanometer use. Lulletin discusses 
and use of galvanometers. 


Be dford 


st lection 
Trans-Sonte s Tne 


Bedford, Mass. 


Airport, 
(L.-10) 


Laboratory equipment. Laboratory 
lists 


Scientific, 5055 


Specials” biological 


Aloe Kingsbury Ave 
St. Louis 12. Mo L-11) 


apparatus, 


Anhydrous ammonia valves. Catalog 
SOL covers valves for use with ammonia 
and other gases noncorrosive to steel, 


Henry Valve Co 32715 North Ave 
Velrose Park, Til. 1-12) 


Bulletin de- 


Je rquson 


Liquid-level gages. 
scribes reflex-type gages 
Gage & Valve Co., 80 Fellswa /, Somer- 


Vass (L-13) 


ville AA) 


Instrument mercury. Circular de 
scribes mercury and dispenser.  Beth- 
Front and 


L-14) 


lehem Apparat is Co Ine 
Depot Nts . Hellertou NM Pa 


Storage equipment. Catalog lists 


storage and maintenance equipment 
Precision Equipment Co 712 \ Mil- 


waukee Ave., Chicago 41, Ill, (L-15) 


I-101  de- 
seribes electron liquid and solid level 
control. Frelden Instrument Div., 
Robertshaw-F ulton Controls Co... 2920 N. 
sth St.. Philade (phia oo Pa (L-16 


Level control. Brochure 


Liquid-handling equipment. Catalog 
52 describes filters mixers, Cappers, 


/ rlel ke nqgines ring ¢ ‘orp 
King fon 8S. N pS (L-17) 


fillers, pumps 
Clinton Ave 
Sulletin 


Manometers and meters. 


vives data on manometers flow meters 


flanges and plates Trimount 
j 


Lake St., 


(L-18 


orifice 
Instrument Co.., 3719 W 
Chicago 12, Ill 


1702-A describes 
industrial relavs. Au- 


10308 


Relays. Circular 
telephone-ty pe 
tomatic Electric Co. 


Si... Chicago 7, if 


Buren 
1-19 


| an 
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. . . Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surtaces the addition 
of a good detergent formulation 
is recommended, In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 


*Trade Mark Registered 


. 
GQ 


‘ 
Chemistry db most 


o 
precise Chemical 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 











WHERE TO BUY 

















Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

*Trademark 


PENBERTHY INSTRUMENT CO. 


666-8 Adams St. Seattle 8, Wn 
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BUILD IN WORLD NUCLEONICS CENTER 


Metropolitan Oakland Area (MOA) home 
of the University of California and close to 
Stanford University, offers unmatched research 
or consultation facilities and personnel source 
for manufacturers, fabricators and marketers 
in nucleonics field. Besides its ideal location 
in shadow of two world-renowned research 
centers, MOA provides many additional, ex- 
clusive profit advantages to industry: proximity 
to users in great nucleonics center; geographic 
hub of multi-billion dollar West market; 
sizeable savings in shipping time and cost; 
major terminus for rail, truck, air, sea carriers; 
all-season production; temperate climate; acres 
of level plant sites, phenomenal, continuing 
G-R-O-W-T-H For a Free FACTBOOK 
and/or answers to specific questions, write 


Alameda County New Industries Committee, 
Suite 801, 427 13th $t., Oakland, Calif. 








We Publish Books! 


Technical, business, text and other non-fiction on 
royalty basis. Fiction and juvenile on cooperative 
plon. Worldwide distribution 


MONARCH EDITIONS, Ltd. 


220 West 42nd Street, New York 36 
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RIDL Model 100 Pulse Height Analyzer 


*® The RIDL Model 100 Pulse Height Analyzer is a com- 
plete unit for analysis of the energy spectrum of a radioactive 
source. The unit consists of a 5819 photomultiplier tube and 
scintillation crystal; a linear amplifier which saturates grace- 
fully; and a ten channel discriminator which analyzes pulses 
between 50 and 100 volts with channel widths adjustable 
from 0 to 5 volts A scale of ten and a register is used to 
count the output of each channel. The discriminator incor- 
porates a gate circuit such that the analyzer will count only 
those pulses which are either coincident or anticoincident 
with the pulse ; from another source 


A built in pulse generator is provided for calibration of the 
instrument. 


The high voltage supply is regulated to better than .005 % 
for 1% change in line voltage 


Long term stability of the instrument is exceptional. 


Baked on Hammertone finish, extremely durable and easily 
decontaminated 


yntrols wath 











INDEX TO ADVERTISERS 


April, 1953 


Alden Products Co. 82, 83 
Atomic Instrument Co 3rd Cover 
Bar-Ray Products, Inc. 6 
Bersworth Chemical Co. 87 
Brush Electronics Co. 69 
Cambridge Thermionic Corp. 57 


Chicago Transformer Div. of 
Essex Wire Corp. 63 


Consolidated Vacuum Corp.. 2nd Cover 
Eco Engineering Company 81 
Ekco Electronics, Ltd. 65 
Ford Instrument Co. 5 
General Electric Co. 10 
Helipot Corporation 9 
High Voltage Engineering Corp. 73 


Intercontinental Marketing Corp.. 83 
Kewaunee Mfg. Co. 74 


Kinney Manufacturing Co. 7 
Kolimorgen Optical Corp. 80 
Lambda Electronics Corp. 86 
Little, Inc., Arthur D. 2 
Marion Electrical Inst. Co. 4 


Minneapolis-Honeywell Regulator 
Co. Industrial Div. 55 


Mycalex Corp. of America 70 


Nuclear Instrument & Chemical 
Corp. 4th Cover 


Penberthy Instrument Co. 86, 87 


Radiation Instrument Development 


Laboratory 88 
Radioactive Products, Inc. 68 
Resistance Products Co 84 
Sanborn Company 61 
Searchlight Section 87 
Sorensen & Co., Inc. 71 
Special Screw Products Co. 64 
Stokes Machine Co., F. J 3 
Technical Service Corp. 84 
Victoreen Instrument Co. 79 
Waterman Products Co., Inc 85 
Weston Electrical Instrument Corp. 
Where to Buy 
Wiley & Sons, Inc., John 


Winchester Electronics, Inc. 
© 


SEARCHLIGHT SECTION 
(Classified Advertising) 
H. E. Hilty, Mer. 
BUSINESS OPPORTUNITIES 


This index is published as a conven- 
ience to the readers. Every care is 
taken to make it accurate, but NU- 
CLEONICS assumes no responsibility 


for errors or omissions. 





April, 1953 - NUCLEONICS 








ATOMIC 
i A LE Q 5 « « to fit your needs without 
= high “custom design” costs 


There's no need to purchase high-cost ‘custom design’’ 
scalers to fulfill your particulor scaling needs. Now, with 
Atomic'’s Ten-Ten Series you con have a regular production 
mode! scaler at modest cost, but with added features built 
into each of the seven models to modify the wnit to 
your specifications 
These features ore included in all models of the Ten-Ten Series 
@ Plug-in scoling strips, interchangeable optione! decode 

Scale-of-10 and binary Scale-of-16 assemblies (one or the 

other only) 

Plug-in input strip with preamplifier, true odjustable pulse 

height discriminator and goting circuits 

Externo! preomplifier input for attachment of special pre- 

amplifiers; supplies required plate and filament voltages 

Front panel switches include: Count “‘ON-OFF'’ switch, 

reset switch and 60-cycle test switch 

Built-in reguloted high voltoge supply with regulation of 

0.01% per percent line variation and 0.5% regulation 

from zero to full load 

High voltage does not overshoot during warmup and moy 

be switched off and on without donger to counting tube 

High voltage output on front pane! makes output of low 

energy storage ‘‘safety’’ supply ovailable independently 

‘Flutter Free'’ 5651 voltage reference tube 

Electrically actuated register of proven design 

Register drive output for attachment of external registers 

Scope connection to input of discriminator 

Test points on each strip for scope observation of outputs 

Output for elapsed time clock controlled by count switch 

extra feature that may be odded to all models of the 

es is the helical discriminator potentiometer 


' reset tin , ontro cascading and count te mete 








some features as Mode! 1050A, except that it has 0.25 volt 


PULSE 
HEIGHT 
MODEL ANALYZERS 


1070A 


MULTISCALER Model 510 Single Channel Differential Pulse Height Analyzer 
— for pulse amplitude distribution studies with channel base 
line adjustable to 100 volts and window settable from 0 to 7 
volts. Can be used with Mode! 204 Linear Amplifier and any 
of Atomic's Scalers to meet many nuclear laboratory needs 
NEW Model 520 Twenty Channel Differential Pulse Height Ana 
lyzer — takes accurate data on the amplitude distribution of 
electrical signals, having random amplitude and time distribu 
tions 


n-Ten Series, all features of Model 1050A [listed at 


reset, 0.60 minutes, 1/100 minute divisions 


few seconds to 20 minutes, accuracy +1 second 


et count switches, permits counting to 10X, 1 LINEAR 
AMPLIFIERS 


redetermined cc 


Model 204B Linear Amplifier — for use with ionization 

chombers, scintillation and proportional counters. Rise time to 

20A, 1040A,) are availat tt 0.02 microseconds, gain to 15,000. Three-position bond width 

switch. Dual attenuator, precision calibrated pulse amplitude 

discriminator. Low and high level output, self-contained power 
supply, provision for preamplifier 

Also Model 204C — similor to 2048 with separate input time 


constant and rise time controls 


fo your need Write 








i for the Atomic illustrated catalog 10-1 


A T 0 mM i ( QD INSTRUMENT RON MAERRITY COMPANY < Seamie, Werhingten 
COMPANY RESEARCH EQUIPMENT & SERVICE - Chicoge, Ill 





KITTLESON COMPANY ~ Los Angeles 46, Calif. 
84 MASSACHUSETTS AVE CAMBRIDGE 39, MASS Branch Office: Albuquerque, New Mexico 

PROFESSIONAL EQUIPMENT CO. - New Hoven, Conn. 

> ; Branch Office: New York, N. Y. 

Linear Amplifiers, Scalers, W.A gr’ iraini 

High Voltage Supplies, Scintillation Counters, ~ Bae gy Stag - Bn Geateme ns « Tampa, Fie 
Coun! Rate Meters, Coincidence and Anticoincidence Instruments, CANADIAN MARCONI tTo. > Metis. 0 'o Canad é 
Differential Pulse Height Analyzers, Accessories Branch Office: Terente E Ont wy one $4 — 





H; RE’s a new automatic scaler, based on proven 
circuits in use for years in our previous instruments 


— yet incorporating the latest engineering advances. 


The features on this new Model 183 Count-O-Matic 
scaler are those which scientist-users told us they 
wanted most in a G-M scaler. 


Binary (diode-coupled) scale of 256 with seven position scale 
selection switch for greatest reliability and use on samples over 
a wide range of activities. 


Coarse and fine high voltage adjustment gives pinpoint control 
over continuously variable range of 500-2500 or 500-5000 volts 
New 60-cycle test permits operational test or standby scaling 
action for reliable, longer life scaler operation. 


with the design 
features YOU 
specified ! 


4 


| 
| 
| 
| 
| 


@ New high voltage standby reduces high voltage below operating 
level when high voltage is not needed. Voltage returns to previous 
level immediately when switch is turned to high voltage position. 


@ New built-in timer provides elapsed time indication for manual 
or predetermined count operation. 


@ New Count-O-Matic controls permit predetermined time opera- 
tion with external timer. 


@ New one-button electrical reset zeros interpolation lights, register, 
and drum type timer. 


@ New sensitivity choices on input connector: 0.25 volt for G-M 
counting or 30 millivolts for scintillation counting. 


@ New auxiliary connector for remotely controlled operation by 
Model C-110 automatic sample changer and other accessories. 


Write for specification sheet or new 1953 catalog 
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nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street ~ Chicago 10, Illinois 


Branch Offices: New by wo tanh we Los Angeles, Calif., 


Export Depertment: 13 E. 40th St., New York 16, N.Y. 
Cable Address: Ariab, New York 
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